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CHAPTER I 
INTRODUCTION 

1 - 1. PURPOSE OF THE EQUIPMENT 

1-1. 1. The Milgo Electronic Corporation (MEC) Model 79 Transfer  Register receives  
the ser ia l  data output f r o m  a Computer and converts this data into two groups of paral le l  
digital outputs: 

a. "even" output 

b. "odd" output 

1-1. 1. 1. The "even" outputs provide a continuous readout except for a brief 
time (approximately 50 microseconds). 
the flip-flops. 

During this brief period, new data is inser ted into 
This data i s  renewed every other frame of input data. 

1-1. 1. 2. The lloddtl outputs operate like the I1eventt except they a r e  renewed 
on alternate input data f rames.  

1-1. 2. The Transfer  Register accepts the l a s t  56 data bits f r o m  a 96 bit word. The 
first 40 bits a r e  fed through the Transfer Register to the ser ia l  output of the Transfer  
Register.  
Regis ter  a lso uses  the controlled signals furnished by the Computer to  facilitate the control 
of the flow of the data. 
are provided f o r  the D-A Converter so that the control signals, such a s  "select  and ready" 
and "sample", a r e  obtained f rom the Transfer  Register.  These control signals control the 
data flow in the D-A Converter. 

The 40 bits are then fed to a MEC Model 1576 D-A Converter.  The t ransfer  

"Select and ready" and "sample" a r e  controlled signals. Outputs 

1-1.3. Bits #41 and #42 are the f i r s t  two bits which a r e  used with the Trans-  
f e r  Register. 
"even" frame. 
available on the 'leven" outputs. 
be made available on the "odd11 outputs. 
be "even" and tloddlf alternately. 
out to  the connector plugs on the r e a r  panel of the rack. 
external digital equipment to them. 
at -17 volts, for  a "1" and is at 0 volts for  a "0". 

These bits determine whether the input data frame was an "odd" f r a m e  o r  an 
If the input data is an "even" f rame of data, the paral le l  output will be made 

If the input data is on "odd" f r a m e  of data, the outputs will 

Both the "even" outputs and the "odd" outputs a r e  brought 

Each output has  the ability to furnish 200 mil l iamperes  

In normal operation, alternate input frames will 

This facil i tates the connection of 

1-2. SCOPE OF THE MANUAL 
This instruction manual describes the MEC Model 79 Transfer  Register,  designed and 

manufactured by MEC, f o r  International Business Machines, Federa l  Systems Division, 
Kingston, New York, in conjunction with Pro jec t  Mercury. 

1-3. PURPOSE O F  THE MANUAL 
This instruction manual i s  provided a s  an aid to better understanding of the 

and theory of the MEC Model 79 Transfer Register and its associated equipment. 
ope ration 
It offers 

1-1 
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a complete  technical explanation coupled with applicable i l lustrations.  
the operator,  or any person involved in the operation of this equipment, thoroughly read 
and understand the contents of this manual. 

It is  neceesary  that 

- 

IO BIT 10BIT 
S R  SR 
# I  x 2  
16-M w a i  

10 BIT IO BIT 
S R  S R  
# 5  X 6  

T6-M TC4A 

1OBl l  IO BIT  
S R  S R  
# 3  # 4  

x - a i  n-ti 

BLANK BLANK 

CoNT RoL 

79.6Al I65-4C __ ~. 

BLANK PANEL 

POWER SUPPLY 
(t 12V,-20V;8.5) 

BLANK PANEL 

POWER SUPPLY 
k17v  8-2ov 1 
O E I I I I D  PLNEL t 

BLOWER 

I 

*contains plug-in modification 

Figure 1-2.  Chass is  Arrangement 
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CHAPTER II 

2-1. PHYSICAL DESCRIPTION 

The Transfer Register is housed in  a single relay rack approximately 24" wide, 22" 
deep, and 74" high. Its weight i s  approximately 625 pounds. All chassis  a r e  of modular 
construction and employ 50 pin connectors for the connection of each chass i s  to the rack 
wiring. The top two rows house 
the six MEC Model 76-8A 10 Bit Shift Registers in which the parallel  data is  readout. 
next row houses the MEC Model 79-6A Control Chassis  and the MEC Model 165-4C Power 
Supply. 
hoiised and is  bolted to  the main frame of the rack. 
capable of delivering 500 cubic feet of f i l tered room a i r  per  minute for internal cooling of 
the Transfer  Register rack. 
during the operation of this equipment. 
in which all input and output connectors a r e  located. 
power switch a r e  located on the same panel. 

The location of each chassis i s  illustrated in figure 1-2.  
The 

Just  above the Blower (on the bottom) a -17 volt and -20 volt Power Supply is 
Tho Blower is  a two speed blower, 

The Blower should be operated at high speed at all t imes 
In the lower r e a r  of the rack is a mounting bracket 

The input ac  fuses  and safety ac  

2 -2 .  ELECTRICAL REQUIREMENTS 

The Transfer  Register operates f r o m  a single phase 115 vac f 10 volts, 60 cycle, 
f 5 cycles system, The input current is 15 amperes .  

2-3. DATA INPUTS 

Connector J20 provides the necessary inputs f r o m  the Computer. There a r e  three  
input lines to  the Transfer  Register from the Co:nputer: "select and ready" line, "sample" 
pulse line, and the "data" line. 
Computer signifies to the Transfer  Register that i t  has data to present .  
f r o m  the Transfer Register called the I'D-A and t ransfer  regis ter  ready" (D/A - T/R ready) 
signal informs the Computer that the Transfer  Register and the attached D-A Converter is 
prepared to read the next bit of data. The data input to  this Transfer  Register consists of 
96 bits of ser ia l  data which a r e  transmitted over the data input line f r o m  the Digital Com- 
puter.  
signal indicates that the D-A Converter i s  prepared to  read the new bit of data, a "sample" 
pulse i s  sent to the D-A Converter from the Computer. There must be a "D/A-T/R ready" 
and a "sample" pulse for  each bit  of data received f rom the Computer. A significant bit or  
a "1" level on any one of these three lines f rom the Computer will be t8 volts f L  volts. 
nm-significant o r  "0" level f rom the computer is  0 volts f. 5 volts. 

2-4. OUTPUT SIGNALS 

The "select and ready" line is a control signal in which the 
A return signal 

Each time a new data bit i s  presented to the input data lines and the "D-A ready" 

A 

2-4.1. Output Signals to the D-A Converter - There i s  an auxiliary output f r o m  the 
Transfer  Register for the operation of a D-A Converter (such as ,  MEC Model 1576 D-A 
Converter) .  Connector J16 furnishes the necessary outputs for  the operation of the D-A 
Converter. 
and "sample to the D-All. 
the operation of the combined system. 

Th,? outputs to the D-A are: "data for  the D-A", "select and ready to  the D-A", 
A return pulse f rom the D-A called "D-A ready" is provided for  

Refer to  manual ME-916 for  details on the require- 
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mcnts for  the operation of the MEC Model 1576 D-A Converter. 

2-4.2. Parallel Digital Data Outputs - Connectors 517, 18 and 519 provide the 
As will  be described in the Theory of parallel data outputs f o r  the Transfer  Register. 

Operation (Chapter 3) there  a r e  "odd" outputs and l'even'l outputs; each is provided to  the 
output connectors. Each output has the capacity of driving a load of 200 milliamps at  -17 
volts for  a (a "0" is O volts). 

Connector 521 provides a timing output which is  the contact closure of a re- 2-4.3. 
lay when bit #41 is detected and put into storage in the Transfer  Register,  
ular t ime, the contacts of the timing signal will open for  approximately 20 milliseconds. 

At this pnrtic- 

2 -5. POWER INPUT CONNECTIONS 

The input ac  power is to be connected to  the Transfer  Register rack by means of an 
The input requirements a r e  MS connector to 515, a s  found in the lower r e a r  of the rack. 

115 volts * l o  volts a-c single phase, 60 cycles, *5 cycles at 15 amperes .  
connected to terminsls A and C of 515 (Table 5-1). 

The input is 

U 

Figure  2-1. Plug-in Modification 
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CHAPTER 111 

THEORY OF OPERATION 

3-1. General  

3-1. 1. Digital data bits a r e  received by the Transfer  Register through the digital 
input plug, J20,  which i s  located at  the r e a r  of the base of the Transfer  Register rack. 
Along with the data input there  a r e  three control signals which a r e  used so that this data 
may be properly brought into the Transfer Register. 
ready" input (provided by the Computer to signify that the Computer has  data available), a 
l lsample ' l  input (a signal generated by the Computer to signify that the new data bit has  been 
presented on the data l ine),  and a "D/A-T/R ready" 
so that i t  can signify to the Computer that it i s  a l so  ready to receive the next data bit). As 
shown on the timing diagram of the Computer control signals in figure 3-1, there  a r e  a few 
requirements on the timing of the "data", l l sample l f ,  "select  and ready" and "D/A-T/R 
ready" signals. 

These signals a r e  a "select  and 

(generated by the Transfer  Register 

3-1.2. Timing Requirements - There a r e  a total of N plus 1 "D/A-T/R ready" 
In this  signals (N = the number of input data bits) provided by the Transfer  Register. 

instance, there  would be a total of 97 pulses. The timing between these pulses i s  deter-  
mined by the Control Chassis and is  approximately 250 microseconds.  
ready" will remain up (t8 volts) during the complete t ime in which the data is being pro-  
vided. 
"D/A-T/R. ready", and tKe "sample" pulses. 
maintained for proper  operation of the system. 

The "select  and 

As shown in figure 3-1 there is a minimum and maximum timing between the "datal1, 
These minimums and maximums must  be 

3-1. 3. There  a r e  a total of 96 se r ia l  input data bits which a r e  received through the 
Control Chassis.  These bits a r e  shifted through s ix  10 Bit Shift Regis ters  in s e r i e s  and a 
MEC Model 1576 D-A Converter,  giving a total capacity of 5 6  ser ia l  bits of information in 
the Transfer  Register (the remaining 40 bits a r e  in the D-A Converter). The shifting and 
controlling of these data bits i s  accomplished by the operation of the Control Chassis.  
operation i s  described in paragraph 3-2 on the Control Chassis.  

This  

3-1. 4. The "sample" input i s  used to tell the Control Chassis  that a new data bit i s  
available and should be received into the cores .  
and sampled, the l a s t  "D/A-T/R ready" will go out to the Computer to signify to the Com- 
puter  that the complete word has  been received. 
and ready" line which will have been a t  a t8 volt d-c level for approximately 25 milliseconds. 
This  t ime is determined by the accuracy of the 250 microsecond interval between each 
I '  D/A- T /R ready" pulse. 

After the l a s t  data bit has  been received 

Then the Computer will drop the "select  

3-1. 5 .  When the l a s t  5 6  serial  bits of data have been put into storage in the c o r e s  
found in the six 10 Bit Shift Registers, a pulse i s  generated by the fall of "select  and ready" 
which produces the necessary pulses to  paral le l  t ransfer  this data into t ransis tor ized 
flip-flops. 

3-1 
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' 3-1 .6 .  In normal operation, one new data frame will  be rece ived every  500 
milli s e c ond s . 
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Figure 3 -1 .  Computer Control Signals 
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3-2. CONTROL CHASSIS, MEC Model 79-6A (Figures  9 - 2  and 9-3) 

3-2.1. Functions - The Control Chassis is used f o r  the purpose of receiving the 
data and control signals f r o m  the Computer, detecting these signals, and then using these 
signals fo r  controlling the data flow throughout the Transfer  Register. A secondary func- 
tion of the Control Chassis is to  furnish control signals and data f o r  the operation of a MEC 
Model 1576 D-A Converter which may be connected to  the ser ia l  outputs of the Transfer  
Register.  

3-2.2. When tlselect and ready" goes f rom 0 volts t o  t 8  volts being a "l", it goes 
through resis tor  R603 to  pulse amplifier N601A, producing a negative pulse. "Select and 
ready" also goes through resis tor  R622 to the input of pulse amplifier N608A. The output 
of pulse amplifier N608A goes through pulse amplifier N608B, producing a positive pulse 
f r o m  0 to  t 8  volts. 
"select and ready" output to  the D-A Converter. 
the "select and ready" which the D-A Converter will consider the same a s  a direct connec- 
tion to  the Computer. 
outputs. One goes through pulse amplifier N601B, which produces a pulse f r o m  -20 volts 
t o  0 volts. 
C665 and diode CR655) a r e  used only when the "select and ready" input f r o m  the computer 
fa l ls  back to  a "0" ( 0  volts) and therefore will be considered at that t ime. 

This positive pulse goes out through the outside of the rack a s  the 
This particular "select and ready" is 

The output of the f i r s t  pulse amplifier (N601A) has three separate 

The second output (through diode CR601) and the third output (through capacitor 

3-2.3. The output f rom pulse amplifier N6OlB is  used for  the operation of several  
"AND" gates. These "AND" gates a r e  used in order  to  develop "D!A-T/R ready". The 
output of pulse amplifier N601B, which is a positive going pulse when "select and ready" 
went to  a "l", provides the inputs of two "AND" gates. The first "AND" gate consists of 
capacitor C619, with r e s i s to r s  R629 and R630 associated with diode CR613 which provides 
one of the pin 6 inputs t o  turn on the flip-flop N610. Since this  "AND" gate is normally open 
and would be open at this  t ime, this will t r igger  flip-flop N6lO to the "1" condition. 
pin 8 output of flip-flop N610 goes to  the one of the inputs of a three input "AND" gate, 
consisting of diodes CR617, CR618, and CR619. On. of the other inputs of this "AND" 
gate is the output of pulse amplifier N601B, which is also a "1" at  this t ime. 

The 

Thc third 

Figure 3 - 2 ,  Control Chassis 
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input being on pin 7 output of one-shot N633 which i s  in the "1" ( 0  volts) condition at this 
t ime, since it has  not been triggered. 
a pulse through emitter follower N6llB which produces the f i rs t  "D/A-T/R ready" signal 
to  the Computer. 

Therefore,  this "AND" gate i s  open and will produce 

3 - 2 . 4 .  Upon receipt of the "D/A-T/R ready" signal by the Computer, the Computer 
will furnish the first  "sample" pulse to  the Transfer  Register.  
through pin 5 of the input plug to  the Control Chassis  and goes to switch S601B, providing 
that an "AND" gate, consisting of diodes CR622 and CR623, is open. 
ready" is a "I", this "AND" gate is open and "sample" will tr igger pulse amplifier N612A 
producing a negative pulse ( f rom 0 volts t o  -LO volts). This negative pulse t r iggers  pulse 
amplifier N612B, producing a positive pulse ( -20  volts to  0 volts - a "0" is  -20 volts and a 
"1" is 0 volts). 
one-shot N613 through capacitor C623 and second it provides one of the inputs for  the "AND" 
gate for the triggering of flip-flop N616. 
CR6L7. 
available on the data line which goes through switch S601A res i s tor  R619 and emitter follow- 
e r  N611, which then produces the second input to  the above mentioned "AND" gate. If bDth 
conditions a r e  t l l r t ~ ,  i. e . ,  i f  "sample" pulse is received and data is a "1" ( + l o  volts), then 
flip-flop N616 is set t o  the "1" condition. 
tr iggered at this same time and produced two pulses; a 1 0  microsecond delayed pulse on 
pin 5 in which the positive going edge of the negative pulse will t r igger  a 70 microsecond 
one-shot N614. 
through diode CR656, turning it back to  the "0" condition. Then in 80 microseconds, a s  
determined by the total delay of one-shots N613 and N614, the pin 5 output of one-shot N614 
will t r igger  one-shot N609. The pin 5 (180 microseconds delay) output of one-shot N609 
will pass  through the "AND" gate consisting of capacitor C617, res is tor  R626 and R627, 
and then go through diode CR612 and trigger flip-flop N610 to a "1". This produces the 
next "D/A-T/R ready" signal for  the Computer. 
imately 260 microseconds after the f i rs t  one had been generated by "select and ready". 

This pulse is received 

Since "select and 

The output of pulse amplifier N612B goes to  two places; f i r s t  it t r iggers  

This "AND" gate consists of diodes CR6L5 and 
During the same t ime in which a "sample" pulse was received, there  was data 

A s  previously described, one-shot N613 was 

The positive going pulse of one-shot N613 t r iggers  pin 7 of flip-flop N610 

This signal has been generated in approx- 

3-2.5. The pin 7 output of one-shot N614, which was delayed a total of 10 micro- 
seconds f rom the time in which "sample" was received, t r iggers  core  dr iver  N615. 
dr iver  N615 is  basically a power amplifier which is used a s  both a core  drive t r igger  fo r  
the six 10 Bit Shift Registers,  found within the rack of equipment, and also dr ives  the three  
cores  M60L, M603 and M604 found in this chassis.  Upon the receipt of "sample", flip-flop 
N616 was triggered to the "1" state, provided that a data "1" was on the data line. 
flop N616 was in the "1" condition, it will be tr iggered to  the "0" condition in approximately 
80 microseconds after it was tr iggered to  the "1" condition. 
delayed output (pin 5) of one-shot N614. 
produced on pin 5 of flip-flop N616 t r iggers  one-shot N617, through capacitor C630. This 
produces a positive going pulse on the pin 7 output of one-shot N617 and inser t s  a "1" into 
the f i r s t  core  in 1 0  Bit Shift Register #1 which is  the modified 10 Bit Shift Register (figure 
1-21. 
producing a "samplett pulse. This process  is repeated for  the total number of data pulses 
(96) in which the Computer will give the Transfer  Register.  
"si lect  and ready" produced the f i r s t  "D/A-T/R ready", and 'lsamplett pulse produced the 
rest  of them, there  will be a total of one more "D/A-T/R ready" than there  a r e  "sample" 
pulses. 
connect signal, so that it will drop i t s  "select and ready" line until a new batch of data is 
made available. 
mil 1 i s  econds . 

Core  

If flip- 

This pulse comes f r o m  the 
If this action takes place, the positive going pulse 

This process is repeated each time a "D/A-T/R ready" is sent to the Computer, thus 

It will be noted, that since 

The computer will use the las t  one of these "D/A-T/R ready" signals a s  a dis-  

The new data will be made available at the ra te  of one f r a m e  each 500 

3-2.6. Since the MEC Model 1576 D-A Converter is used in conjunction with the 
Transfer  Register and it also must be ready to  receive new data, it  will produce a 
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"D-A ready" in order that the IID/A-T/R ready" be provided. The "D-A ready" f rom the 
D-A Converter will enter pin 24 of this chassis and trigger one-shot N633 to the "0" con- 
dition. This circuit works as  follows, The positive going output of one-shot N609, which 
has been delayed exactly 80  microseconds f rom the t ime in which the f i r s t  "sample" pulse 
was received, t r iggers  one-shot N633 through capacitor C611 to the "1" condition. 
produces a negative pulse on pin 7 of one-shot N633 and closes the "AND" gate in which 
one input i s  diode CR618. 
pen: 

This 

This "AND" gate will remain closed until one of two things hap- 

a .  when a "D-A ready" is received f rom the D-A Converter this will 
turn off one-shot N633 ( a  one-shot in  which the t ime can be shorted 
by a secondary input a s  described in detail in  the write-up in the 
appendix, on TN158). At this  t ime, the output of pin 7 will return 
to 0 volts ( a  ''1,') and thus opening the "AND" gate so that the "D/A- 
T/R ready" may be presented. 

if a "D-A ready" is not received by the Transfer  Register in  500 
microseconds, this  one-shot will t ime out and open the "AND" gate. 
A "D/A-T/R ready" will be generated whether a I'D-A ready" was 
received o r  not. 

b. 

3-2.7. When "select and ready" fa l l s  to the "0" condition, which means that the las t  
bit of data has been received, a negative going pulse goes through pulse amplifier N601A 
producing a positive pulse at  i t s  output. F i r s t ,  
i t  passes  through capacitor C645 and diode CR655 and r e se t s  flip-flop N610 to  the "0"  state,  
thus removing one of the inputs to the "AND" gate composed of diodes CR617, CR618, and 
CR619. Th? closing of this "AND" gate removes the input to  pin 7 of N611B which in  turn  
prevents any "D/A & T/R Ready" signal being sent t o  the computer. The second function 
performed by the positive pulse output of N601A is to trigger the 600 microsecond one-shot 
N602 by passing through the CR6Ol diode. The delayed output (pin 5) of N60L will tr igger 
one-shot N604 o r  N606, provided the input t o  an "AND" gate (consisting of diode CR60L and 
r e s i s to r s  R607 and R638 with capacitor C603, or an "AND" gate consisting of diode CR605, 
r e s i s to r s  R612 and R611 and capacitor C637) is open by their  respective input signals to  
diode CR632 o r  CR605. In normal operation, only one of these two "AND" gates will be 
open, a s  will be discussed la ter  when the operation of the EVEN-ODD gates i s  considered. 
At this  time, it will be assumed that one o r  the other of these two "AND" gates will be open, 
but not both. At the end of this  600 microseconds, one o r  the other of the one-shots N604 
or  N606 will be triggered. If one-shot N634 is triggered, it produces a positive pulse for  
50 microseconds ("even reset trigger"), which is fed to  all Shift Registers,  
a 100 microsecond one-shot N695, which produces a 100 microsecond pulse "even g3tell. 
The "even rese t  tr igger" pulse and "even gate" pulse a r e  described a s  t o  their  use in  the 
operation of the Shift Registers i n  paragraph 3-3 on the operation of the 10 Bit Shift Regis- 
ters. 
be triggered. 
tr igger" and t r iggers  one-shot N607, producing a 100 microsecond pulse called "odd gate" 
The use  of these two pulses is  identical to  the two previously described. Briefly, since 
either the "even" set o r  "odd" se t  of pulses will be generated, this will do  the necessary 
gating in  the Shift Registers so that the data is made available to the paral l t l  readout in 
either the "even" flip-flops o r  the "odd" flip-flops. 

This positive pulse performs two functions. 

It also t r i gge r s  

If the other "AND" gate was open a s  previously described, then one-shots N606 would 
These one-shots produce a 50 microseconds pulse which i s  called "odd reset 

3 -2.8. Magnetic cores  M6OL, M603 and M604 fo rm the last  th ree  cores  of the Shift 
Register,  consisting of the six 10 Bif Shift Registers and these three cores. 
#1 hss been shortened and actually consists of only three  cores.  
length of the complete system is 56 cores and therefore can s tore  a total of 56 data bits. 

Shift Register 
Therefore, thc total 

3-2.9. 
N618 through N6.!5, operate in the following manner. Th? pin #4 output of core  M603 t r ig -  
g e r s  one-shot N6.!4 each t ime a "1" is  present in  this  core.  The operation continues 
through the whole shifting of data and this  is the path in which the data will flow to the D - A  
Converter which is on the end of the Transfer Register.  The delayed output of 120  micro- 

The operation of these three  cores,  along with their associated networks 
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seconds one-shot N6L4 tr iggers  flip-flop N6d5 to  the "1" condition, if there  was a "1" in the 
core  M603. 
of "sample" and of "data", t r iggers  flip-flop N625 to  the "0" condition. 
change states at the ra te  of being a "1" for 40 microseconds and a "0" for  the res t  of the 
t ime (approximately 2 2 0  microseconds for all t ' l t ' ~  o r  until the next "1" is  detected). 
output of this flip-flop N625 will produce a pulse between 0 volts and t 8  volts on pin 22 of 
p!ug P6Ol which i s  wired to an output jack on the rack. This furnishes the data input for  
the D-A Converter,  As data i s  being shifted through cores  M60L through M604, the s ta tes  
of the flip-flops N618, N619, N620 and N62l a r e  not being changed except during the t ime 
in which either the "odd reset"  and "odd gate" o r  the "even reset" and "even gatett.  These 
pulses a r e  generated by the "AND" output of the fall of "select and ready" and the output of 
flip-flops N622 and N623, which a r e  the two flip-flops which decide whether the data is an 
"even" f r ame  o r  an ''odd" f r ame  of data. The ODD-EVEN information i s  provided by data 
#41 and #42. 

The output of one-shot N639, being delayed 80 microseconds after the receipt 
This flip-flop will 

The 

3-2.10. As the data is being shifted through the cores ,  the pin 4 outputs of cores  
M602 and M603 are  triggering pin 3 ( l l l l t  input) of flip-flops N622 and N623. 
outputs of M602 and M603 a r e  triggering the "0" inputs (pin 7 )  to  the opposite flip-flop. 
pin 4 output of core M602 is triggering the "1" input of flip-flop N622 and i t s  pin 9 output is  
triggering the " O t t  side of flip-flop N6L3. 
pulse; the pin 9 output i s  a 40 microsecond pulse. Therefore,  since the 40 microsecond 
pulse is longer than the 6 microsecond pulse, it will dominate the operation of the flip-flop 
and turn  it to  a "O", even 'if the flip-flop was turned on by the 6 microsecond pulse f r o m  
pin 4 of the other core. 
have a "I" in them, both flip-flops will be turned off with the 40 microsecond output f r o m  
the core;  but, if either of the two cores  (but not both) have a "1" in them, then one of the 
flip-flops will be turned on and since the other core  would have a "O", it  would have no 
output and one of the two flip-flops would be in the "1" condition. In normal operation this 
condition will alternate back and forth between cycles; i. e . ,  one f r ame  will be "even" and 
the next f rame will be "odd". This condition will al ternate back and forth between two 
flip-flops N622 and N6L3. 
level input t o  the two "AND" gates which were described in paragraph 3-2.7. a s  consisting 
of diodes CR602, res is tors  R608 and R607 o r  the "AND" gate consisting of CR605, resis-  
to r s  R611 and R612. In this operation, only one of these two "AND" gates will be open a s  
described in paragraph 3-7,. 7, thus producing either an l'eventt set  of pulses o r  an "odd" 
set of pulses.  These will operate on the 10 Bit Shift Register a s  described in paragraph 
3-3 s o  that the data may be shifted f r o m  the core to one of two independent outputs for  the 
parallel  data readout. 

Also, the pin 8 
The 

The pin 4 output of the core  is a 6 microsecond 

The reason for  this operation is, that i f  both m r e s  M602 and M603 

The pin 8 outputs of these two flip-flops go to  f o r m  the d-c 

This operation is  a lso used in the four flip-flops N618 through N621. 

3-2.11. During the ODD-EVEN comparison, the data which was in core  M6Q2 and in 
These two data bits have now been shifted to  cores  M633 core  M603 were bits #41 and #42. 

and M604 with bit #43 being in core M602. 
one to an "AND" gate consisting of capacitor C632 with r e s i s to r s  R654 and R655, and the 
okher to an "AND" gate consisting of capacitor C634 with res i s tor  R657 and R658. Th? d-c 
level input t o  these two "AND" gates is either an "even gate" o r  an "odd gate" (figure 9-2). 
Therefore,  the output of core  M602 will be inserted into flip-flop N618 o r  N619, depending 
upon which gate is a "1". The "0" input t o  these flip-flops (pin 5) was rese t  just  before by 
the "odd reset  trigger" o r  the "even rese t  tr igger" through capacitors C633 o r  C635, and, 
since only one of these inputs will be available at one t ime,  only one of the flip-flops will be 
rese t  and new data would be inserted in the same flip-flop that was rese t .  At the end of the 
50 microsecond "reset" pulse, the "or'ed" input of the positive going edge of the negative 
pulse, f rom either one-shot N604 o r  one-shot N606, would produce another input tr igger to  
core  dr iver  N615 to produce one more  core drive shift tr igger pulse. This t r igger  pulse 
will drive the cores and insert  new data in the flip-flops 50 microseconds after rese t  t ime. 

The output of core  M602 has two other o'Jtputs, 
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This data will  remain in the flip-flops until a new set of data has arrived f rom the Cornput- 
e r  and i s  ready to be inserted again. The flip-flops have been reset  to a "0" condition only 
f o r  50 microseconds before new data is read in. The "1" input of flip-flops N620 and N621 
a r e  f r o m  core M603 and core M604, respectively. The "odd gate" and "even gate" a r e  
"orled" together through diodes CR630 and CR631, thus opening both "AND" gates to pin 3 
of flip-flops N610 and N621 at the same time. Both flip-flops were reset  by either an "odd 
gate" o r  "even gate" through diodes CR632 and CR633 which reset  both flip-flops N620 and 
N6Zl to the "0" condition and one or  the other of the two flip-flops will get the new data 
depending on which f rame ("odd" frame o r  "even" frame) that is received, 
f rames ,  flip-flop N621 would receive a "1"; on "even" f rames ,  flip-flop N620 would r e -  
ceive a "1". 

On "odd" 

3-2 .12 .  The protection circuit, consisting of flip-flops N622 and N623, should 
prevent both of these flip-flops from receiving a "l", as  the data would be erroneous and 
would have no significance. 

3-2 .13 .  The auxiliary pin 7 output of flip-flop N621 t r iggers  one-shot N626, pro-  
diicing a 20 millisecond pulse which is used to  operate a high speed mercury relay. 
this mercury relay is operated, i t  opens a set  of contacts which a r e  used for  a "timing 
outputtt in which the contacts a r e  open f o r  approximately 20 milliseconds each t ime (flip- 
flop N621 receives a t t l t t )  there  is an "odd" f r ame  of data. 
one-shot operation, the one-shot will re turn to its quiescent condition and therefore the 
relay will de-energize and close the contacts so they a r e  ready for the next cycle. 
timing pulse will normally be received once every other f rame of data o r  once per  second. 

Test  Circuit - Networks N628 through N632 a r e  used for  the operation of a 
This system may be tested without the need of any other associated equipment 

When 

Since the relay is controlled by 

This 

3-2 .14 .  
t es t  circuit. 
except possibly an oscilloscope. 

3-2 .14 .1 .  The TEST START pushbutton S602 t r iggers  25 millisecond one-shot 
N618. 
N628 will be re-triggered by the delayed output of N629, thus producing and repeating pulse 
once every 125 milliseconds. 
the "1" condition. The output of flip-flop N630 through zener diode CR616 produces a "test 
select  and ready" pulse. Through the normal chain of events which was described in  the 
operation of the chassis,  the rise of "select and ready" will produce an "D/A-T/R ready" 
pulse. 
tion, producing a 10 microsecond "test sample" pulse. 
zener  diode CR647 produces the "test sample" pulses.  
will tr igger counting flip-flop N632, which will divide the incoming pulses on pin 7 by 2.  
This produces the necessary gating so that an alternate "1"s and "0"s pattern may be 
formed. When switch S601 is in position 3 o r  position 4, alternate "l'ls and t tOt ts  pattern is 
produced and is coupled f rom the pin 8 output of the counter through S601C through diode 
CR650 and produces the "test data" pulses. When in position 2 or  in position 5, an all t t O t t s  
o r  all "1"s pattern is produced, which i s  either -20 volts for  a "0" pnttern and 0 volts for  a 
ll1" 
is available for  the "1" input. 
microseconds (approximately), a "D/A-T/R ready" pulse was produced which produced the 
n'xt "test sample" pulse through one-shot N631. This process  is repeated until "select and 
readyt t  falls  which is controlled by flip-flop N630. Flip-flop N630 is turned off by the count- 
ing signal when the "AND" gate consisting of res i s tors  R693 and R634 is opened by one-shot 
N628. This causes "test select and ready" to drop, so that the indicator lights on the output 
of the Shift Registers should show the tes t  pattern. The four patterns, which the TEST SE-  
LECTOR switch al!ows the operator to use. consist of all "O"s, all "ll 's ,  " l - O " ,  and "0-1". 
The Operation Chapter (Chapter 4) of this manual describes which lights should be lit for 
each position of the switch. 

The delayed pulse t r iggers  100 millisecond one-shot N629. In 100 milliseconds, 

The pin 7 output of one-shot N628 t r iggers  flip-flop N630 to 

This pulse goes through switch S601D and will tr igger one-shot N631 in test  opera- 
The output of one-shot N631 through 
The delayed output of this one-shot 

pattern. Zener diode CR650 adds a plus 10 volts to this pulse so that a t 1 0  volt signal 
Each t ime a "test sample" pulse was produced in the 260 

3 - 2 . 1 4 . 2 .  Switch S604, an  EVEN-ODD-NORMAL switch, is used to fool the 
operation of flip-flops N622 and N623. When either in  the "even" or  the "odd" position, the 
switch will turn on both of the two flip-flops and hold them in that condition through the 
gating consisting of res i s tors  R6108 and R6109 through diode CR634 to the "0" input for  
flip-flops N622 and N623. The pin 8 outputs a r e  then switched to 0 volts in order  to open 
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one "AND" gate o r  the other,  The 
operation of this switch will only affect the circuit during TEST operation, a s  it receives 
i t s  voltage through selector switch S601D terminsl  14 (0 volts) and S601B, terminal 8 (+12 
volts) which only receives a voltage during TEST operation. 
position of this switch will have no effect upon the operation of the system. 

The two "AND" gates a r e  connected to these outputs. 

When in OPERATE, any 

3-2.15. 
meter  will monitor. 
position which is labeled ACP. 
CR652 and applied through meter resis tor  R6103 to  the meter .  
+12V, the meter  is reading the output voltage of the +12 volt Power Supply and in  the 4th 
position, labeled -2OV, it reads  the output of the -20 volt Power Supply. 
tion labeled -85V, it reads the output of the -85 volt Power Supply. 
of the positions is identical and meter res i s tors  R6103 through R6107 a r e  chosen so that 
the meter reading of 10 is read when the Power Supplies a r e  in cor rec t  adjustment, 
minor division on the meter  represents  a 2% e r r o r  on the output voltage of the Power 
Supplies. 

Switch S605 VOLTAGE SELECTOR is used to  select the voltage which the 
The meter  monitors the incoming a-c line voltages in the second 

When in the second position, the a-c  voltage is rectified by 
In the next position labeled 

In the las t  posi- 
The operation of each 

Each 

3-2.16. Switch S603 (POWER) is used to  turn ON and OFF the a-c  power to  the 
power contactor which i s  found in the lower portion of the rack mounted to the plug panel 
mounting bracket. 

3-3. POWER CONTACTOR 

The power contactor i s  found on the plug mounting bracket located at the lower r e a r  

When the switch is ON, 
of the rack. 
is switched by the POWER switch located on the Control Ch.issis. 
the power contactor closes and applies a-c power to  the two Power Supplies and to  the 
Blower. 

Its purpose is to switch the incoming a-c power. The controlling coil current  
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3-4. 10 BIT SHIFT REGISTER, MEC M ode1 76-8A ( F i g u r e s  9-4, 9-5, and 9-6) 

3-4.1. Gene ra l  - The function of the 10 Bi t  Shift R e g i s t e r  is to r ece ive  two s e r i a l  
g roups  of 10 bi ts  of data alternately.  The  groups  a r e  cal led I'odd'' and "even". 
i s t e r  r e c e i v e s  a n  "odd" o r  "even" group se r i a l ly  (M801 through M8IO) and shif ts  the group 
in  pa ra l l e l  (depending on whether  it is a n  "odd" o r  'leven" group) to  its r e spec t ive  se t  of 
f l ip-flops f o r  independent output presentation. The  odd se t  of flip-flops a r e  N801, 3, 5, .. . 19, and the even set a r e  N802, 4, 6, . ..20. 
access ib i l i ty  until  they are r e s e t  for acquisit ion of new data,  and th i s  t i m e  is approximately 
100 microseconds ,  and not longer  than 200 microseconds .  
N801 through N820 are indicated by their  r e spec t ive  neon indica tors  DS801 through DS820 
on the f ront  panel. When a f l ip  flop is i n  a rr l t l  s t a t e  (a rr lrr  s ta te  being the  condition when 
pin 8 is at -17 vol ts) ,  its assoc ia ted  indicator is on, and converse ly  when a flip-flop is in  
the "0" s t a t e  (a rrO" s t a t e  being the condition when pin 8 is at 0 vol t s ) ,  its indicator  is off. 
The ind ica tors  have been r e v e r s e d  bias at -2 vol t s  by CR801 through CR803 and R865 to  
i n s u r e  that the indicators  will  be off when the flip-flops a r e  i n  the "0" state.  
and C827 a r e  used  as filter capaci tors  between tl-e power voltages. 

The  Reg-  
a 

The data will  r e m a i n  in  the flip-flops f o r  

The  s t a t e s  of the flip-flops 

C825, C826, 

3-4.2. Detailed Descr ip t ion  - The command pu l ses  a r e  developed i n  the Control  
Chass i s .  
0 vol t s ,  width 10 microseconds) ,  "odd" flip-fl-op gate and "even" flip-flop gate ( f r o m  -20 
vol ts  to  0 vol ts ,  width 200 microseconds) ,  and c o r e  shift ( f r o m  -20 vol ts  to 0 vol ts ,  width 
40 mic roseconds ) ,  1000 cps.  

They  a r e  as follows: "Odd rese t"  and"even rese t"  t r i g g e r s  ( f r o m  -20 vol ts  to  

The "odd r e se t "  t r i gge r  coming f r o m  the Control  Chass i s  

F igu re  3-3. 10 Bi t  Shift R e g i s t e r  
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i p  capacity coupled through C829 to pin 3 of B one-ohot N823. When pin 3 of N823 goer 
porit ive,  then pin 7 of N823, the output, goeo positive ( f rom -20 volts to 0 volto, width 10 
microrecondo). Thio output ("odd reoet") ir capacity coupled through C824 to pin 5 of all 
the odd numbered flip-flops N801, 3, 5, . a 19. Pin 5 of all the odd numbered flip-flop0 
i o  biased in  B quiescent condition at 7 volts by R851 and R862. Therefore ,  when pin 7 of 
N823 goer positive from (-20 volts to 0 volts 10 microseconds) pin 5 of all odd numbered 
flip-flops goes positive ( f rom -7  volts  to +IO volts,  10 microseconds) reset t ing the odd 
numbered flip-flops to the l tO1f  state. 
en te rs  the chassis ,  the "odd" flip-flop gate is received. The I1odd1l flip-flop gate is r e s i s -  
tance coupled through R866 to pin 2 of N824 (TN58 consisting of two emit ter  followers). 
When pin 2 of the emitter follower N824 goes positive ( f rom -20 volts to 0 volts,  width 200 
microseconds) and i s  direct ly  coupled to R841 through R850 which is p a r t  of the I' odd and" 
gates. The re  is a n  "odd" and "even and" gate associated with every magnetic core  (M801 
through M810), and these "and" gates are coupled to their  respect ive flip-flops. 
gate (output f rom pin 3 of the emit ter  follower) r a i s e s  the voltage of pin 3 of all odd num- 
bered flip-flops from -20 volts to  -2 volts for  200 microseconds. This  alone is not suffi- 
cient to t r igger  the flip-flops. 
microseconds) will  be 100 microseconds f rom the leading edge of the rlodd" gate. Since 
the "odd" gate is 200 microseconds wide, this  shift pulse wi l l  cause the read  out f r o m  a 
core  to be approximately in the middle of the gate (if t he re  is a tll" present  in  the core).  
Assuming that there  is a 111" in  the core ,  a 10 microsecond pulse of 5 to 8 volts amplitude 
will be present  a t  pin 4 of the cores.  P in  4 of the co res  is capacity coupled through C801, 
3, 5, . . . 19 to "odd and" gates and through C802, 4, 6 . . .20  to "even and" gates. There-  
fore ,  the 5 to 8 volt pulses a t  pin 4 will be super-imposed on the "odd gate" and pin 3 of 
the odd numbered flip-flops will go positive enough (above 0 volts) to t r igger  the odd num- 
bered flip-flops and a "1"  state will be set. 
"odd and'' gates,  therefore, only the odd numbered flip-flop will be t r iggered and the even 
numbered flip-flop will not be affected. 
N821 with M811) is explained in  detail  in  the Appendix. If there  was a "0" i n  a core,  when 
the shift pulse occurred, the odd numbered flip-flop will not change s ta te  because of the 
"odd and" gate and the 5 to 8 volt pulse f rom a core  and the "odd" gate must  be present  
a t  the same t ime in order  for  a n  odd numbered flip-flop to t r igger .  
time of the coincidence of the "odd" gate and shift pulse., all data in the co res  is read  out 
in  paral le l  to the odd numbered flip-flop only. 
edge of the "odd" gate and new data (1000 PPS) commences to be r ead  in  serially.  
of M801 is the data input. 
M802 is direct ly  coupled to pin 8 of M803. 
is data output in  the event another Shift Regis ter  is used. 
may  be coupled together in  a s e r i a l  fo rm to facilitate any number of bits in  a word. 

At the same t ime that the "odd reset"  t r igger  pulse 

The Itodd" 

The next shift pulse ( f rom -20 volts to  0 volts,  width 40 

Both conditions have been satisfied a t  the 

The operation (a core  s t r ing and core  dr iver  

Therefore ,  at the 

The next shift pulse occurs  af ter  the trailing 
P i n  8 

P in  9 of M801 is directly coupled to pin 8 of M802 and pin 9 of 

Many of these Shift Regis te rs  
This  is continued on to M810 and pin 9 of M810 

3-4. 3. After the l a s t  bit of new data has been received by the cores ,  an "even reset"  

When pin 3 goes positive ( f rom 
t r igger  (from -20 volts to  0 volts, width 10 microseconds) en ters  the chass i s ,  and is 
capacity coupled through C828 to pin 3 of a one-shot N822. 
-20 volts to 0 volts, width 10 microseconds) the output pin 7 goes positive (from -20 volts 
to 0 volts, width 10 microseconds) and is capacity coupled through C823 to pin 5 of all the 
even numbered flip-flops (N802, 4, 6 . .  . . 20). 
- 7  volts by R863 and R864. 
0 volts, width 10 microseconds) pin 5 of all the even numbered flip-flops goes positive 

( f rom -7 volts to above 0 volts, 10 microseconds) resett ing the even numbered flip-flops to 
the "0" state. At  the same time that the "even reset"  t r igger  pulse en ters  the chass i s ,  the 
even flip-flop gate is  received. The even flip-flop gate is resis tance coupled through R867 
to pin 7 of an emitter follower (N824). When pin 7 goes positive ( f rom -20 volts to 0 volts, 
width 200 microseconds), the output pin 5, (called even gate), goes positive ( f rom -20volts 
to 0 volts, width 200 microseconds) and i s  directly coupled to R851 through R860 which i s  
p a r t  of the even ' landl '  gates. 

Pin 5 is biased in a quiescent condition a t  
Therefore,  when pin 7 of N822 goes positive ( f rom -20 volts to 

The even 11andt' gates a r e  coupled to pin 3 of the even flip- 
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flops. 
positive (from -20 volts to -2  volts, width 200 microseconds).  
flip-flops since a pulse equal to or  greater than 0 volts i s  necessary.  
gate requi res  an additional input in order to t r igger  the even flip-flops and this input wi l l  
come f rom the co res  if there  is a ' ' 1 "  present in the cores .  The f i r s t  shift pulse that occurs  
af ter  the "even" gate w i l l  be 1.00.microseconds f rom the leading edge of the "even" gate. 
Since the "even" gate is  200 microseconds wide, this shift pulse w i l l  cause the readout f rom 
a co re  to be approximately in the middle of the gate (if there  i s  a "1" present  in the core) .  
Assuming that there  was  a "1" in the core, a 10 microsecond pulse,  5 to 8 volts wi l l  be 
present  a t  pin 4 of the core.  P in  4 of the co res  is capacity coupled to the Odd and Even 
"and" gates.  Therefore ,  the output from the core  ( 5  to 8 volt pulse) wi l l  be superimposed 
on the "even" gate and pin 3 of the even flip-flops will go positive enough (above 0 volts)  to 
t r igger  the even flip-flops and a "1" state will be set. 
the "even and" gate, and only the even flip-flops can be set. The  odd flip-flops will not be 
affected by the output f rom the cores.  If there  w a s  a "0" i n  a core  when the shift pulse 
occurred,  the even flip-flop w i l l  not change state because the "even and" gate and the 5 to 
8 volt pulse f rom a core  and the "even and" gate must be present  a t  the same t ime in 
o rde r  for  an even flip-flop to tr igger.  Therefore ,  a t  the t ime of coincidence of the Even 
Gate and shift pulse, all data in the cores is read  out in paral le l  to the even flip-flops only. 
The next shift pulse occurs  af ter  the trailing edge of the "even gate", and new data com- 
mences to be read  in. The next gate w i l l  be the "odd gate", occurr ing af ter  the las t  bit of 
this new data has  been received. 
cycle being determined by the system. 

Therefore  when pin 6 of N824 goes positive, all  pin 3 ' s  of the even flip-flops go 
This wi l l  not t r igger  the 

The "even,and" 

Both conditions have sat isf ied a t  

This completes one cycle of operation, the length of a 
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CHAPTER IV 

OPERATION 

4-1. GENERAL 
With all rack connectors properly connected and the a-c input power supplied to  the 

Transfer  Register,  the following steps a r e  required for  operation. 

4-2. POWER "ON" 
a. Place the a-c power switch, located at the lower rear of rack, to the 

ON position. The r e d  indicator lamp w i l l  glow. 
Control Chassis  to the ON position, the red indicator light on  the Control Chassis will glow. 
This applies power to the Power Supplies and the Blower. 
operating, checkinthe r e a r  of the rack to make sure  that the power switch located on the 
blower itself is in  the high position. 
must  be turned OFF. 

Place the POWER switch located on the 

CAUTION: if the Blower is not 

The BLOWER MUST OPERATE o r  the POWER switch 

b. 
m e t e r  located on the Control Chassis. Rotate the VOLTAGE SELECTOR switch to each 
position and observe the meter  which is  indicating the output voltage in  that position. 
meter should indicate a reading of 10 on each position, and the power supply voltages should 
be within this reading by i-5%. 
accurate  voltmeter may be used to adjust the operating voltages. 

Check the voltage outputs of both the Power Supplies utilizing the 

The 

F o r  a more accurate  adjustment of each Power Supply, an  a 
4-3. TEST 

a. Rotate the TEST SELECTOR switch to PATTERN 1. Push the TEST 
Switch the EVEN-ODD-NOR,UL toggle switch ( tes t  pattern gating 

Move the 
START pushbutton. 
switch- S604) to  the EVEN position. 
toggle switch to ODD. 

The neon indicators should remain off. 
The neon indicator should still be off. 

b. Rotate the TEST SELECTOR switch to  PATTERN 2. Push the TEST 
START pushbutton. 
The neon indicators numbers 1, 3, 5, 7, and 9 EVEN, on the 10 Bit Shift Register,  should 
be lit. 
t o r s  1, 3 ,  5, 7, and 9 ODD should be lit. 

Switch the EVEN-ODD-NORMAL toggle switch to the EVEN position. 

Move the EVEN-ODD-NORMAL toggle switch to  the ODD position. The neon indica- 

c. Rotate the TEST SELECTOR switch to PATTERN 3.  Push the TEST 
START pushbutton. 
numbers  2, 4, 6, 8, and 10 EVEN should be lit. Move the toggle switch to ODD. The neon 
indicators 2, 4, 6, 8, and 10 ODD should be lit. 

Switch the toggle switch to  the EVEN position. The neon indicators 

d. Rotate the TEST SELECTOR switch to PATTERN 4. P u s h  the TEST 
START pushbutton. 
should be l i t ,  i n  the EVEN row. 
remain  lit. 

Switch the toggle switch to  the EVEN position. All  neon indicators 
Move the toggle switch to ODD, all ODD indicators should 

e. Switch the toggle switch to  the NORMAL position. Rotate the TEST 
When moving the TEST SELECTOR SELECTOR switch to  PATTERN 3 and PATTERN 2. 

switch between PATTERN 2 and PATTERN 3 it will be noted that, in  one position, a l l  of the 
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OUD f rames  will be alternate "1"s and t r O ' t s  and in the other position, the EVEN f r a m e s  
will be al ternate  f f l f f s  and f rOffs.  
selection bits #41  and#4Z. 

This  is the check which is given to the ODD-EVEN f r a m e  

f. With the toggle switch in the NORMAL position, rotate  the TEST 
SELECTOR switch to PATTERN 1 and PATTERN 4. The last input data should remain  in  
the reg is te rs ,  because if bits #41 and #42 a r e  both r t l ' r s  or  both Ir0frs, the new data should 
be rejected and should not change f r o m  the previous input which w a s  selected by ei ther  
PATTERN 2 o r  PATTERN 3. 

4-4. OPERATE 
Rotate the TEST SELECTOR switch to OPERATE. The system is now ready f o r  

operation. 

NOTE: Before OPERATION, it is recommended that the operator  
r ead  and understand the THEORY OF OPERATION section of this 
manual. 

Lights # 1 - # 7  of SR # 1 wi l l  always remain  OFF, due to the modification of the core  
string. 

4-2 
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TABLE 5-1. 

AC POWER CONNECTOR J15 

Wire -- Idendif ic a t  ion - - T e rminal  

CHAPTER V 

TABLE 5-2. 

OUTPUT CONNECTOR TO D-A 516 

Terminal  Identification 

5-1. GENERAL 
No special  considerations a r e  necessary in  selecting a site for  the Transfer  Register.  

This  unit is completely self-contained and the rack  provides adequate shielding fo r  opera-  
tion under normal  operating environments. 

5-2. INPUT AND OUTPUT CONNECTIONS 
External  connections to  the Transfer  Regis ter  a r e  made through seven different MS 

Tables  5-1 through 5-7 list each connector and i t s  associated cable in- type connectors. 
formation. 

5-3. INITIAL ADJUSTMENTS 
There  a r e  no initial adjustments required pr ior  to operation of the equipment. How- 

ever ,  it i s  strongly urged that the Theory of Operation and the Operation chapters  be r ead  
and understood before trying to operate the equipment. 

Wire - 
A 

B 

C 

120 VAC 0 1 #12 

120 VAC Common #12 

A 
B Data to D/A 
C 
D Select and Ready 
E 
F 
G 

RG62 / U  

to D/A RG62/U 

H D/A Ready (from the D / A )  RG62/U 
J Signal Ground #18 
K Sample to D/ A RG62/U 
L 
M 
N 
P 
R 
S 
T 
U 
V 

5- 1 
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TABLE 5-3. 

DATA OUTPUT CONNECTOR J17 

T e rmin a1 

1 
A 
2 
B 
3 
C 
4 
D 
5 
E 
6 
F 
7 
G 
8 
H 
9 
I 
10 
J 
11 
K 
12 
L 
13 
M 
14 
N 
15 
0 
16 
P 
17 
a 
18 
R 
19 
S 
20 
T 
21 
U 
22 
V 
23 
W 
24 
X 
25 
Y 
t 

5-2 

Identification --- 

Bit #43 Odd 
Bit #44 Odd 
Bit #45 Odd 
Bit #46 Odd 
Bit #47 Odd 
Bit #48 Odd 
Bit #49 Odd 
Bit #50 Odd 
Bit #51 Odd 
Bit #52 Odd 
Bit #53 Odd 
Bit #54 Odd 
Bit #55 Odd 
Bit #56 Odd 
Bit #57 Odd 
Bit #58 Odd 
Bit #59 Odd 
Bit #60 Odd 
Bit #61 Odd 
Bit #62 Odd 
Bit #63 Odd 
Bit #64 Odd 
Bit #65 Odd 
Bit #66 Odd 
Bit #67 Odd 
Bit #68 Odd 
Bit #69 Odd 
Bit #70 Odd 
Bit #71 Odd 
Bit #72 Odd 
Bit #73 Odd 
Bit #74 Odd 
Bit #75 Odd 
Bit #76 Odd 
Bit #77 Odd 
Bit #78 Odd 
Bit #79 Odd 
Bit #80 Odd 
Bit#81 Odd 
Bit #82 Odd 
Bit #83 Odd 
Odd Frame (Bit #41) * 

TABLE 5-4. 

DATA OUTPUT CONNECTOR J18 

Terminal --- 
1 
A 
2 
B 
3 
C 
4 

' D  
5 

' E  
6 
F 
7 

! G  
8 
H 
9 

I 

I 

1 1  1 10 

l 11 
i J  

I K  
, 12 

L 
13 
M 
14 
N 

i 15 
i o  

16 
( P  
1 17 
I Q  

18 I 
' R  

i s  
I l 9  

20 

1 21 
U 
22 
V 

' 23 

i w  24 
X 

i 25 

; T  

/ y  
Signal Ground ** + 
Signal Ground a$* i - 

Identification 

Bit 643 Even 
Bit #44 Even 
Bit #45 Even 
Bit #46 Even 
Bit #47 Even 
Bit #48 Even 
Bit #49 Even 
Bit #50 Even 
Bit #51 Even 
Bit #52 Even 
Bit #53 Even 
Bit #54 Even 
Bit #55 Even 
Bit #56 Even 
Bit #57 Even 
Bit #58 Even 
Bit #59 Even 
Bit #60 Even 
Bit #61 Even 
Bit #62 Even 
Bit #63 Even 
Bit #64 Even 
Bit #65 Even 
Bit #66 Even 
Bit #67 Even 
Bit #68 Even 
Bit #69 Even 
Bit #70 Even 
Bit #71 Even 
Bit #72 Even 
Bit #73 Even 
Bit #74 Even 
Bit #75 Even 
Bit #76 Even 
Bit #77 Even 
Bit #78 Even 
Bit #79 Even 
Bit #80 Even 
Bit #81 Even 
Bit #82 Even 
Bit #83 Even 
Even Frame (Bit #42) 

Signal Ground 
Signal Ground 

* #22 Shield W i r e ,  Low Capacity 
**< Shields of above cable 
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TABLE 5-5. 

DATA OUTPUT CONNECTOR J19 

T e rminal  

1 
A 
2 
B 
3 
C 
4 
D 
5 
E 
6 
F 
7 
G 
8 
H 
9 
I 
10 
J 
11 
K 
1 2  
L 
13 
M 
14 
N 
15 
0 
16 
P 
17 
Q 
18 
R 
19 
S 
20 
T 
21  
U 
22 
V 
23 
W 
24 
X 
25 
Y 
t 

__--- 

- 

Identification 

Bit #84 Odd 
Bit #84 Even 
Bit #85 Odd 
Bit #85 Even 
Bit #86 Odd 
Bit #86 Even 
Bit #87 Odd 
Bit #87 Even 
Bit #88 Odd 
Bit #88 Even 
Bit #89 Odd 
Bit #89 Even 
Bit #90 Odd 
Bit #90 Even 
Bit #91 Odd 
Bit #91 Even 
Bit #92 Odd 
Bit #92 Even 
Bit #93 Odd 
Bit #93 Even 
Bit #94 Odd 
Bit #94 Even 
Bit #95 Odd 
Bit #95 Even 
Bit #96 Odd 
Bit  #96 Even 
Bit #97 Odd 
Bit #97 Even 
Bit #98 Odd 
Bit  #98 Even 
Bit #99 Odd 
Bit #99 Even 
Bit # lo0  Odd 
Bit # lo0  Even 
Bit # lo1  Odd 
Bit # lo1  Even 
Bit # l o 2  Odd 
Bit #lo2  Even 
Bit # l o 3  Odd 
Bit # l o 3  Even 

Wire 

* 
* 
8 
* 
* 
8 

8 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* * 
* 
9 
* 
* 
* 
* 
* 
* 
* 
* 
* 
8 
* * 
* 
* 
* 
* 
8 
8 
* 
9 

Signal Ground 4-3 
Signal Ground ** 

TABLE 5-6. 

:NPUT CONNECTOR FROM COMPUTER J20 

Terminal  - 

A 
B 

C 
D 

E 
F 

G 
H 

Identification 

Data 
from Computer 

Select and Ready 
f r o m  Computer 

D/A-T/R Ready 

Signal Ground 
Sample 

to Computer 

from Computer 

W i r e  - 

RG62/U 

RG62/U 

RG62 /U 

#18 
#18 

TABLE 5-7. 

OUTPUT CONNECTOR J21 

Terminal  

A 

B 
C 

D 

Wire - Identification 

Signal Ground #18 

#22 
#22 Contact Closure 

(Contacts a r e  

Timing 

C 

** Shields of above cable 
#22 Shielded Wire, low capacity 

Normally 
Closed) 
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CHAPTER VI 

MAINTENANCE 

6-1. GENERAL 

conductor c i rcui ts  and magnetic cores ,  it is not expected that malfunction will occur for 
long periods of operation. 
located by normal  trouble shooting operation. 
mal maintenance of the Transfer  Register i s  an oscilloscope and an accurate VOM meter .  
Many of the malfunctions can be located by observing the neon lamps located on the front 
panel of the various chassis .  

Since al l  of the circui t ry  within the Transfer  Register is made up entirely of semi-  

However, malfunction of individual par t s  is expected and can be 
The only necessary  tes t  equipment for  n o r -  

6-2.  PREVEN TIVE MAINTENANCE 
Preventive maintenance i s  recommended for  the following par t s  of equipment. 

a. The Blower filter should be removed and cleaned in a solution of w a r m  
water and detergent o r  cleaned with a vacuum cleaner a t  l eas t  once each week. 

b. The adjustments of the voltage control on each of the Power Supplies 
should be checked at the beginning of each operation to see  if the c o r r e c t  voltage may need 
adjusting by this control. 

e 
6-3. ELECTRO-MECHANICAL DEVICES 

If any of the relays do not function properly,  the complete sub-assembly should be 
replaced and the malfunctioning unit returned to  the manufacturer for  possible repairs .  

6- 1 
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CHAPTER VI1 

PARTS LIST 
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The MEC Model 79 Transfer  Regis ter  consis ts  of the following assemblies: 

Page  -- As s embly -- Quantity 

1 MEC Model 79-6A Control Chass i s  7- 3 

6 MEC Model 76-8A 10 Bit Shift Regis ter  7-7 

1 MEC Model 79-1AAA Connector Bracket  7-8 

1 MEC Model 165-4C Power Supply 

MEC Model 76-9A Power Supply 

Blower 

7-2 

7-9 

7-12 

7-13 
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REFER. 
DESIG- 
NATOR 

;601 

:602 

:603 
:607 
:637 

1604 
:608 

:605 
:609 
:622 
:6L6 
:633 
:635 
:646 

:606 
:610 

:61 I, C639 
26 15, C640 
361 7, C64L 
:618, C643 
:619, C647 
Z620 

,628-C630 
,663 
3664,  C653 
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C659 

C645 

C613 

C614 

C616 

C621,  C64 
C654, C 6 5  
C66L 
C6L7 

C631 
C658 
C632, C63 
C636, C63 
C641 

C644 

C649. C65 
C656 
C650 

C661 

C612 

C666 

:623-C625 

4 

MFG AND 
PART NO. 

_- 
M EC 
79-hA 

Corne l l  Dubili 
PM6Sh 

Corne l l  Dubili 
P M 4 P I  

MII, 
CM-19B-152K 

Corne l l  Dubili 
PM6D5 

M I L  
CM-19B-68lK 

Corne l l  Dubili 
PM4S1 

MIL 
CM-19B- 10LK 

C o r n e l l  Dubil i  
PM4S5 
MIL 
CM-19B-471K 
MIL 
CM-19B-331K 
MIL 
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F a n s t e e l  
F l 1 0 - 1  

C o r n e l l  Dubili 
PM6D68 
MIL 
CM-19B-LOLK 
MIL 
CM-19B-LLLK 
MIL 
CM-35B-IL3K 
F a n s t e e l  
FICO-I  
MIL 
C M -  19B-56 1K 
G. E. 
L9F71L 
F a n s t e e l  
F308-1  
Cornel l  Dubili 

E l m e n c o  
IDP-2-75)  

5 
DESCRIPTION 

-- 

3 4 5  5 

( 

- 

3 

3 

0 

0 

C 

C 

C 

r 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 
T 

txed Mylnr ,  .06/lf 600 v d c  

ixpd Mylnr ,  . Ipf 400 vdc  

ixed M i m ,  1500/1/11 500 vdc  f10‘ 

ixed Mylar ,  .005uf  600 vdc  

ixed Mica,  6110bf 500 vdc  * l o %  

ixed Mylar ,  . O l p f  400  v d c  

ixed Mica,  1000ppf 500 v d c f l 0 7  

Fixed  Mylar ,  . OSpf, 400 v d c  

F ixed  Mica,  170f ibf ,  500 vdc.  
f 10% 
Fixed  f 10% Mica,  330/1pf, 500 vdc,  

F ixed  Mica,  18. 0 0 0 / ~ b f .  500 v d r ,  
157" 
IRlu-Cap) .  10111. 25 vclc 

F ixed  Mylar ,  .006R/~f .  600 vdc  

F ixed  Mica.  2000bbf .  500  vdc .  

F ixed  Micn, L L ( I O / L I L ~ ,  500 v d c ,  

F i x e d  Mica. 12,  000fi / l f ,  500 vdc .  

f 10% 

ilO% 

i 10% 
(Rlu-Cnp) ,  L/Lf, 100 vdc 

F i x e d  Mica.  560jri:f. 500 vdc .  
f 10% 
Tnntalyt ic .  2 .  5 / ~ f ,  10 vdc  

(Rlu-C; ipI ,  loofi f ,  30  vdc  

F i x e d  Mylar ,  . 015/i f .  100 v d c  

Mylar  P a p e r ,  . 075ji.f, 100 vtlc 

- 
6 
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1 
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- 
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7 
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2 2  
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1 

1 

1 

7 
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2 

4 

1 

1 

3 

1 

1 

1 

1 
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MFG. AND 
PART NO. 
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; 1 evl t e 
:TP-503 

Int e rnn t iona I 
Rectifier 
IN1521 

Pacific 
Semi -Conducts 
IN703 

C. E. 
IN1602 

Internn tionnl 
Rect i f ie r  
IN1524 

lnternationnl 
Rect i f ie r  
IN151R 

Interna t ionn I 
RectifiPr 
IN1523 

G. E. 
IN1695 

M EC 
16-10.! 

Elderna 
1CGIL-4535 

Dialight C o r p  
Sb 

B u s  srnsnn 
A G C  

hi E C  
RY-12 
M EC 
&IN- I 3  

h,I EC 
MN-11 

Beede  
E-25 

hi EC 
T N - 5 7  

M E C  
TN-13BB 
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e 

e 

e 

I C  

I C  

1 

n 

F 

r 

11 

-I 

k 

1Z6.8) 
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C 
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- 
d 
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ER 
SY 

SI 
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1 
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6-52 

6-52 
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6-5: 

6-5 (  
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6-51 

2 
REFER. 
DESIG- 
NATOR 

N614, N617 

N629. N631 

N610, N630 

N624, N62b. 

N611 

Nb15 

N616, Nb22 
N623 

N618, N619 
N62O. N621 

N625 

Nb32 

M633 

P b O l  

R601, R b l 8  
R640 

R602. R60: 
R619, RbZr 
Rb25, R641 
R642, R641 

Cont' d. 
R649, R67z 

R674. R68( 
R685,R695. 
R697, R6lO 

R604. R60b 
R609, R613 
R628, R631 
R643, R646 
R663, R6b7 
R670, R671 
R673, R675 
R681, R682 
R688, R691 

R6 05, R6 3 2 
R652, A689 

R607, R611 
R626, Rb29 
R693 
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R616. R65b 
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R610, Rb14 
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Rbbb .  Rbb9 

R617, R67b 

Rb21, Rb33 
Rb35, Rb3b 
Rb45. Rb47 
Rb79,R610 
Rb110 

4 

MFG. AND 
PART NO. 

M EC 
rN-90B 

M EC 
rN-58 

M EC 
r N -  130B 

M EC 
TN-28 

MEC 
r ~ - i 4 4  

~ ~ - 1 5 4  
'MEC 

MEC 
TN-42 

MEC 
TN- 1513 

Cannon 
DD-50P 

MIL 
RC42CF910.l 

M 11, 
RCZOCF 103K 

MIL 
RCLOGF473K 

MIL 
RCLOGF153K 

MIL 
RC2 OCF 33 3K 

MIL 
RCZOCF332K 

MIL 
RC2OGF223K 

MIL 
RC2OGF 152K 

MIL, 
RCZOGF47 1 K 

MIL 
R C  2 OGFZ 2 2 K 

5 
DESCRIPTION 

1 3 4 5 6 7  

b ETWORK 

b ETWORK 

b ETWORK 

b ETWORK 

b ETWORK 

b ETWORK 

b ETWORK 

r ETWORK 

'iJ:ed composi t ion ,  9122 i540 LW 

' iJ:ed composi t ion ,  10K i l O %  1 /2W 

'ii:ed composi t ion ,  15K t l O %  1 /ZW 

' b e d  composi t ion ,  33K t 1 0 %  1 / 2 W  

'iJ'ed composi t ion ,  330022 *lo% l / L W  

'h  e d  composi t ion ,  22K +lo% 1 /2W 

'iJ:ed composi t ion .  l5OOQ *lo% 1 /2H 

'ir.ed composi t ion ,  470Q *lo% l / Z W  

?i:fed compomition, 2200R *lo% 1/ZH 

- 
6 

JNlT 
PER 
65y 

- 

- 

2 

1 

1 

3 

4 

1 

1 

1 

1 

3 

17 

18 

4 

5 

8 

3 

4 

2 

9 

~ 

7 
'ROCURE- 
MEN1 
CODE 

1 - 5  



- 
1 

ITEM 
NO. 

- 

- 
6-59 

6-60 

6-61 

6-62 

6-63  

6-64 

6-65 

6-66 

6-67 

6-68 

6-69 

6 - 7 0  

6-71  

6-72 

6 - 7 3  

6-74 

6-75  

6-76 

6-77 

6-78 

6-79 

6-80 

6-01  

6-82  

6-03  

7-6 

2 

REFER 
DESIG- 
NATCIQ 

R6L3 

R624 

R6L7, R630 
R634, R668 
R690,  R698 
R6 108  

3637 
R639 

R638 

R650  

R653, R68! 
R b 8 6 ,  R687 

R654, R657 
R66O. R664 
R610L. 
R b l l l -  
R6113 

R 6 5 5 ,  R658 
R661, R665  

R677 

R678 
R6 109 

R684 

R6103 

R6 104  

R6105 

R 6 1 0 6  

R6107 

R 6 L O  

S60l  

S602 

S603 

S604 

5605 

T J 6 0 1  

XDS603 

__ 
LASS 

4 

MFG AND 
PAR1 NO 

MIL 
RC20CF68 1 K 

M I I .  
RCZOGF68LK 

MI1. 
RCZOCF472K 

MIL 
RC2OCFL7 1K 

M I L  
RCLOGF 101 K 

MIL. 
RC2OGF.203 J 

M I I ,  
RC2OGFlOLK 

MIL. 
RCLOCF104K 

MIL, 
RCLOCF113J 

M I I ,  
RCZOGF 1 12 J 

M I L  
RC20GF823K 

MIL 
RC2OGF 183K 

Phaostron 
C 4 4 R S - 1 / 2  

Pnno st ron 
C44RS-1  12 

Phon 5 t  ron 
CA4RS-1 f L  

Phaost  ron 
CA4RS- 1 f 2 

Phaostron 
CA4RS-1/2 

MIL, 
RCLOCFL73K 

Centralab 
PA -2027 

Micro  
2 P B l l  

Cnrling 
LGL63 -7 3 

Ca rling 
2GM6 3 -7 3 

Cent ra In b 
PA -2005 

Clrnnon 
DD-SOS 

Elderna 
11H4593 

5 
DESCRIPTION 

-~ 

1 3 4 5 6 7  

composit ion,  6 8 0 Q  +IO% 1 fLW 

ed composit ion,  270Q + l o %  1 f 2 W  

d composit ion,  l O O R  i10X 1 /ZW 

d composit ion,  LOK i5% 1 /2W 

d composit ion,  1 K  i101 1/LW 

c i s ion ,  2OK i l %  1/LW 

- 
6 

INlT 
PER 
SSY. 

1 

- 

- 

1 

7 

2 

1 

1 

4 

8 

4 

1 

7 
1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

- 
7 

ROCURE. 
MEN1 
CODE 

- 

~ 



. -  
1 

ITEM 
NO. 

- 

6 -84 

6 -85  

6 -86 

6-87  

6 -88  

6-89 

8 -1 

Q-2 

8 - 3  

8 -4 

8 - 5  

8 -6 

8 -7 

8 -8 

8 -9 

8-1( 

8-1:  

8-1,  

8 -1  

8-1 

DESIG- 
NATOR 

CF6Ol 

,1601 

:M6Ol- 
:M604 

N601- 
:N6 3 3 
:K601 

C801-  
C822 

C823 
C824 

C825 

C826 
C827 

C828 
C829 

CR801- 
CR803 

CR804 

D.5801- 
DS82O 

M801- 
ME10 

M 9  1 i 

N801- 
NE20 

N82 1 

NE22 
M823 

4 

MFG. AND 
PART NO. 

ius s m a n n  
I K P  

Iialight Corp .  
03-3502-1211 

IAN 
r s i o 3 ~ 0 2  

r si o i  p o i  
IAN 

Nhitso 
< - l o 5  

S ldema 
LlH-4119 

MEC 
76-8A 

MIL 
CM - 19B - 102H 

Corne l1  Dubil 
PM4S 1 

F a n s t e e l  
F110-1  

F a n s t e e l  
F308-1  

MIL 
CM-19B-331P 

G. E. 
IN1692 

C lev i t e  
C T P - 5 0 3  

M EC 
16-102 

M EC 
MN-I1  
hh CC 
MN-13 
... 
M EC 
TN-144 

M EC 

MEC 
TN-130B 

TN-138B 

5 
DESCRIPTION 

2 3 4 5 6 7  

J 

1 

1 

3 

F 

E 

1 

I 

1 

1 

1 

i 

, 

I 

\ 

, 

I 

DER, D o m e  Type ,  C l e a r  Red 
ronet T y p e  L a m p  

diniature ,  Mica  f i l l ed  

Mica  f i l l ed  

r SHIFT REGISTER 

xed  Mica ,  1000fifif i104. 500 vdc 

xed,  Myla r ,  . O l p f  400 vdc 

lu-Cap)  10fif 2 5 v d c  

lu-Cap)  100fif 3 0 v d c  

xed, Mica ,  330ppf  + l o %  500 vd 

CTWORK 

CTWORK 

CTWORK 

6 
'NIT 
'ER 
SSY 

1 

- 

- 

1 

4 

34 

2 

1 

1 

22 

2 

1 

2 

1 

7 

1 

2( 

1( 

1 

21 

1 

7 
?OCURE. 
MEN1 
COM 

- 

1-1 



~ 

1 

ITEM 
NC 

- 

8 - 1 5  

8 - 1 6  

8-17  

8 - 1 8  

8-19 

8 - L C  

8-‘1 

8 -22 

8-21  

8 -” 

8 - L C  

R - Z t  

8 - 2 :  

1- 1 

1-2  

1 - 2  

1 - 4  

I-: 

1-6 

1-7 

7-8 

___-- 
2 

REFER 
DCCIG 
NATOR 

____ 

- 

NR24 

P8Ol 

R901 

R861- 
~ ~ 6 4  

HE41- 
RR6O 

R E 6 5  

R866 
~ 8 6 7  

Rst ie  

R869 

‘r .Jn 0 

R8L1- 
R840 

XM801- 
XM811 

XN8Ol- 
XN8L4 

F 1  

I 1  

J 15 

J 1 7  
J 19 

520 

5 2  1 

M I I ,  
RC 2 UGI,. 1 1 3 J 

M I I ,  
RCLOGF~B’K 

.MII .  
R C: L 0 G F 1 O L K 

MI1 I 
R C  L OC F 3 3 L K 
M I L  
RC ,: OGF 16 3 J 

C a n n o n  
IID-50S 

M I I ,  
RC2OGF 104K 

J 4 N  
’7 5 1 0 3  1’02 

J A N  
TS 10 1 PO 1 

IEC 
‘0- l A A A  

;;a s nia n n 

i i a  l i g h t  Cor1 
156 

~ a II II  0 I1 

IS3 102A- 18- 1( 
‘ a  n n o i l  
IS3 10OB- 18- I (  
: annon 
1057-10 

i m  p t i  en o I 

implienol 

impl ieno1 

)7-  3 102A - 36- 1 

) 7 - 3  10(>8-36-< 

1057-20 

annon 

Cannon 

Cannot1 

C a n n o n  

MS3 102A-22-  1 

MS3 1068-22- 1 

3057-12 

8 2 3 4 5 6 7  

ed composition, 18WQ +loyo 1 / L a  

b e d  composition, I K  +I070 1 / 2 W  

1 composition, 3 . 3 K  I /LW 

’ R ,  Fix 

T 9 Pir 

T 0:ta  1 
y .  Canri 

2 0  A m p  

I n c a n d  
C l  a r  

c t  r 

Clamp 

c t  r 

Clarrp 

:c o r  

? la11p 

? e  o r  

e l a n p  

1 composition, I 6 K  15% 1 /2W 

1 composition, IOOK *IO’% l / Z W  

dininture, Mica f i l l ed  

Micn f i l l e d  

t o r  8 r d c K e t  

c e n t ,  C a n d e l a b r a  B a s e  

- 
a_ 
.(IT 
ER 
SY 

1 

- 

1 

10 

4 

!O 

1 

1 

1 

1 

1 

‘ 0  

11  

24 

1 

1 

1 

1 

1 

1 

3 

3 

3 

1 

1 

1 

1 

1 

1 

__ 
7 

IOCURE- 
MEN1 
CODE 

- 



- 
1 

ITEN 
NO. 

-_ 

I -  

I -  

1- 

1-11  

1- 12 

4-1 

4-2 

4 - 3  

4 -4 

4-5 

4 -6 

4-7 

4-8 

4-9 

4-1  

4-1 

2 
R E F E R .  
DESIG- 
NATOR 

K I  

s 1  

TB I 

XF 1 

X I  1 

C401 
C402 
C421 -C423 

C403 
c 4 2 5  
c 4 4 3  
c 4 4 4  

2424 

E404 
E426 

C441 
C442 

c 4 4 5  

CR401 
CR421 

CR402 
CR4l.2 

CR442 

'401 
F403 
F402 

4 
MFG. AND 
PART NO. 

i l l e n  B r a d l e  
702AOD92 

: u t l e r  

jT52N 

: i n c  h - J o n e s  

Hammer 

!-140 

311s s ma n n  
i P C  

I i a l i g h t  Cor  
j 1 4 0 0 1 - 1 1 1  

MEC 
165-4C 

Ma 11 o r y  
20-71937 

Cornel1 Dubil 
PM4S1 

Corne l1  Dubil 
P M 4 P i  

F a n s t e e l  
F308-1 

M a l l o r y  
20-71855 

F a n s t e e l  
F 3 1 6 - 1  

G. E. 
L JA 2 1 1AB 1A C 

In te rna t iona l  
R e c t  if le r 
IN1519 

In te rna t iona l  
Rec t i f ie r  
IN1524 

B u s s m a n n  
ACC 

B u s  s m a n n  
ACC 

DESCR~PIION 

4 5  

i 
W 

r 

S 

d 

[I 

3 

I 

'. 

'1 

' I  

', 
I 
? 

r 

1K 

i l  

i l  

6 - 

0 

B 

1 

1 

0 

1 

C 
4 

' C  

a 

a 

a 
4. 

C 

El 

:e 

!e 

A 

A 

l e ,  DPDT. 2 5  Amp. 125V 
t N i c K e l  H a n d l e )  

P 

d e r  

:R S U P P L Y  

) m p u t e r  G r a d e ,  4000pf 60  vdc ,  
Alum. c a n  with a c e t a t e  s leeve .  

xed,  M y l a r ,  . O l @ f  400  vdc 

xed,  M y l a r ,  . l@f  400 vdc 

u-cap ,  100@f 30 vdc  

) m p u t e r  G r a d e ,  2000pf 100 vdc ,  
Alum. c a n  with a c e t a t e  s leeve .  

u -cap ,  30pf 100 v d c  

124.7)  

1z12) 

- 
6 

INIT 
PER 
SSY. 

1 

- 

- 

1 

1 

1 

1 

1 

5 

4 

1 

2 

2 

1 

3 

2 

1 

2 

1 

7 
ROCURE 
MEN1 
CODE 

- 

- 

7-9  



- 
1 

ITEM 
NO. 

- 

F404 

P401  

4 4 2 3  
Q44L 

4 4 0 1  
Q42 1 
Q44 1 
Q422 

9402  
4 4 0 3  
Q4L4 
8 4 4 3  

Q404 
Q4L5 
Q444 

R401. R40. 
R421A 
R42 1 B 
R44 1 
R44L 

R403 
R443 

R404 
R425 
R444 

R405 

R406 

R407 
R4L8 
R447 

R408 

R409 
R430 
R449 

R410 
R431 
R450 

R411 
R432 

R412 

R414 
R435 

R415 

R413 

R422 

R423 
R424 

4-13 

4-14 

4-15  

4-16  

4-17 

4-18 

4-19 

4-2[ 

4-21  

4-L? 

4 -23  

4-24 

4-25 

4-2L 

4-2; 

4-21 

4-2' 

4-31 

4-3  

4-3, 

4 -3  

4-3  

7-10  

2 
REFER. 
DESIG- 
NATOR 

- 
4 

MFG AND 
PART NO 

__-- 

su s Sma nn 
A DX 

,annon 
)D-SOP 

)e lco 
N553 

Ielco 
N443 

;. E. 
.N525 

iylvanin 
!N377A 

Nard Leonarc 
ix 1 

Nard Leonarc 
jX 2 

M I L  
RC42GFlOZK 

V I  1L 
3C42CF 151K 

VIIL 
?.CZOCF68 1K 

MIL 
RCLOGF 101 K 

MIL 
RCLOGFlZLK 

MIL 
RC2 OGF8 22K 

MIL, 
RCZOGF621J 

MIL 
RC20CF472K 

MIL 
RC32CF 12 1K 

Chicngo Te l .  
A20LASB250 

MIL 
RC3ZCF820J 

MIL 
RC42CF131 J 

Wnrd Leonar 
lOFl 
Ward L.eona1 
lOF2 

DESCRIPTION 

2 3 4 5 6 7  - 

ri 

L: 

1 

F 

F 

E 

F 

F 

4 

F 

E 

1 

1 

, Slo-Blow,  3 Amp. 

Mount with Part s  # lo0  & #101) 

Lug type L,eada) 

>hm. 1 8  5W 

Jhm, 2 8  5W 

ed composition, 1K i l O %  2W 

?d composition, 1 5 0 8  ilO% 2W 

2d composi t ion ,  6 8 0 8  * l o %  1 / 2 W  

ed composi t ion ,  l O O Q  ilO% 1 / 2 W  

ed composition, 1.2K * l o %  l / Z V  

:ed composition, 8.ZK ilO% l / Z W  

Led composition, 6 2 0 8  *5q0 112% 

Led composition, 4.7K ilO% 1 / L \  

red cornposition, 1 2 0 8  i l O %  1 W  

TER. 2 5 8  LW 

ced composition, 8 2 8  i 5 %  1W 

ted composition, 1 3 0 8  i 5 %  ZW 

Ked, Wire wound, 1 8  1OW 

ed,  Wire wound, 2R 1OW 

7 

OCURE- 
MEN1 
CODE 

- 

- 



- 
1 

ITEM 
NO. 

- 

Ward L e o n a r d  
10F150 

MIL 
RC32CF681K 

MIL 
RC32GF122K 

MIL 
RC4ZCF271K 

MIL 
RC3ZCFSlOJ 

MIL 
RC42GF181 J 

MIL 
RC4ZGF302 J 

Allen Bradley  
LU-1011 o r  
A l L 0 4 0 S l O l I  

I1L 
C42CF272 J 

f a r d  Leonarc  
X500 

IIL 
. C 3 ZCF 56 1 J 

l a r d  L e o n a r c  
OF250 

'TI 5486 

H.H. Smi th  
!21 

Bus s m a n n  
HKP 

4-35  

2 
REFER 
DESIG. 
NATOR 

1426 
3437 

1427 
3446 

3429 
?448 

R433 
R416 

R436 

R434 

R451 

R453 

R454 

R455 

R452 

R445 

r 4 o i  

' J401-  
'5404 

IF401 - 
:F404 

4-36 

4-37 

4-38 

4-39 

4-40 

4-41  

4-42 

4-43 

4-44 

4-45 

4-46 

4-47 

4-41 

4 -4' 

4 

MFG. AND 
PART NO. 

5 
DESCRIPTION 

6 7  

R. Fii :ed.  WIre  wound,  15052 1OW 

R. F i x e d  composi t ion ,  680R i l O %  1W 

R ,  Fii :ed composi t ion ,  1 . 2 K  i 1 0 %  1W 

R .  F i x e d  composi t ion ,  27022 +lo70 2W 

R ,  x.ed composi t ion ,  51R i570 1W 

1". I e d  composi t ion ,  l8OR i 5 %  2W 

Led composi t ion ,  3K i570 2W 

TER, l O O Q  ZW, L i n e a r  T a p e r  

e d  composi t ion ,  2.7K i5% 2W 

, Axiohm, 5OOR 5W 

composi t ion ,  56052 i5% 1 W  

, Wire  wound, 25022 1OW 

lnana ( B l a c k )  

- a 
r(lT 
ER 
85y. - 

4 

4 

- 
7 

OCURE- 
MEN1 
CODE 

- 

7-11 



- 
7 - 

1 

ITEM 
NO. 

- 

- 
9 - 1  

9-2  

9 - 3  

9 -4 

9 - 5  

9 -6 

9 -7 

9-8  

9-9 

9-10 

9-11 

9-12 

9 - 1 3  

9-11 

9 - l !  

9-1(  

9-1 '  

9-11 

9-1' 

9-21 

9-2 

9 - 2  

9-2  

9 - 2  

7-12 

9 

REFER 
DESIG- 
NATOR 

C901- 
c 9 0 5  
C90b 

C907 

C908 

CAY01 
CR902 

CH903 

CR904- 
CR907 
CR909- 
CR911 

CH908 

L901 

N901 

Q90l  

R901 

R902 

R903 

R904 

R905 

R906 

R907 - 
R909 

R910 

T901 

T902 

T903 

T J 9 0 1 -  
T J 9 0 3  

XN901 

4 

MFG. AND 
__ 

PART NO. 

I EC 
5 -9A 

tal 1 o r y  
0-71937 

lorne l l  Dubili 
'M4P5 

da l lory  
.O-71844 

,. E. 
J 5 0 R ( C 6 0 )  

Vestinghouse 
V l L O O  

i .  E. 
V169L 

i .  E. 
lA2l  I B B l A C l  

t e r l i n g  T r a n s  
'3891 

4 EC 
"-160 

)e lco  2N443 

IIIL, 
tC20GF622J 

)hmi te  
LU-1521 o r  
.A 1 L040S15LI 

UII. 
RCLOGF621 J 

M I L  
RCZOGF331K 

3 h m i t e  O6OOA 

MII.  
RC42GF332K 

Ward Leonar i  
ZOF1 

MIL. 
RCZOCF101K 

Indus t r ia l  Tr i  
MP-8610 

Ster l ing  T r a n  
T-3890 

Chicago  T r a n  
F M S  -6 

H.H. Smith  
221 

Amphenol  
77-MJP-1  I T  

DESCRIPTION 

2 3 4 5 6 7  

R E  

CH 

TR 

TR 

RE 

PC 

RI 

R I  

R I  
( W  

R I  

RI 

R I  

TI  

TI 

TI 

J P  

SC 

3 

3 

IP 

I t  

R 

P 

A 

d 

1 

x 

:1 

i:  

i: 

1 

1 

E 

E 

E 

t 

J 

3TWORK 

Lug type  L e a d s )  

!d composi t ion ,  6 .  ZK t570 1 / 2 W  

ER. 1.5K 2W, L i n e a r  T a p e r  

ed composi t ion ,  62022 i570 1/2W 

e d  composi t ion ,  33022 ilO% 1 / 2 '  

ed,  W i r e  wound, 5 R  l O O W  
Bracket  #12)  

ed composi t ion ,  3. 3K * l o %  2 W  

ed ,  W i r e  wound, 122 LOW 

ed composi t ion ,  l O O R  + l o %  1/2V 

1 

1 

3 

3annna (Black)  

- 
1 
41t 
3 
SY. 

1 

- 

b 

1 

1 

2 

1 

7 

1 

1 

1 

1 

1 

1 

1 

1 

DCURE. 
UENT 
:ODE __ 



4 

MFG. AND 
PART NO. 

I 

~~~ 

5 
DESCRIPTION 

5 

ti 

- 
6 

UNIT 
PER 

LSSY 

- 

I 

1 

7 

PROCURE- 
MENT 
CODE 

7-13 



- 

ME-914 

CHAPTER Vlll 

WIRE LIST 

8- 1 
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- 17 V AND - 20 V POWER SUPPLY 

MEC MODEL 76-9 A 

1. GENERAL 

at 3 amps. 
This power supply develops regulated output voltages of -17V a t  40 amps  and -20V 

The -20V portion is developed by adding a -3V supply on the bottom of the 
-17v  supply. 

2. -17V SUPPLY 

2-1. The 17V power supply is regulated by silicon controlled rect i f iers  (SCR) 
CR9Ol and CR902, by controlling the time which cur ren t  can flow through their  ex- 
ternal  circuit. 
amount of the input a -c  cycle; when the external load is l a rge ,  the SCRs a r e  on fo r  
a lmost  all of the input a - c  cycle. 
trolled by N90l (TN160) and its associated external circuitry.  

When the external load is small ,  the SCRs a r e  "on" for  only a small  

The length of t ime which the SCRs a r e  on i s  con- 

2-2. CR9Ol and CR9O2 a r e  SCRs which a r e  phase-controlled elements  used as a 
The two SCRs a r e  

The operation of the circui t  in 
full wave rectifier element f rom the output of t ransformer  T902. 
fixed by gate signals f rom a common source,  TN160. 
TN160 is as follows: The unijunction t ransis tor  Q1 ac t s  a s  a relaxation oscil lator 
synchronized by its inter-base voltage supply. 
to the output of a single phase bridge formed by diodes CR904, CR905, CR906 and 
CR907, through R906. Zener diode (CR1) in the TN160 clips the rectified voltage, 
which charges capacitor C907 through res i s tor  R7 in TN160. This voltage f i r e s  the 
unijunction t ransis tor  and whichever SCR has  a positive anode voltage during that half 
cycle of the a - c  input. Upon firing, the voltage ac ross  the SCRs decrease  to the for-  
ward conduction value of l e s s  than 1 volt. 
it discharged until the a -c  input is reversed, a t  which timP a new timing cycle starts for  

a 
The firing circui t  (TN160) is connected 

This discharges capacitor C907, and keeps 

- 17v and - 2Ov Power Supply 
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the  a l te rna te  SCR. 
and i t s  assoc ia ted  circui t ry)  through R6, Q l  will  f i r e  within ten  d e g r e e s  a f t e r  the be- 
ginning of each half cycle of the a -c  supply voltage. 
SCRs will  del iver  the maximum voltage to the load. 

If no cu r ren t  is being shunted by the voltage control  c i rcu i t  (Q2 

At this  min imum fir ing angle,  the 

2 - 3 .  Q2 controls the f i r ing  angle by shunting C907. An inc rease  of base  cu r ren t  
of Q2 will d e c r e a s e  the effective r e s i s t ance  of Q2,  which will  add a loading to C907, 
changing the charging t i m e  constant.  
angle  s o  that a v e r y  small  output wil l  occur  f r o m  CR901 and CR90.2. 

T h i s  divers ion of cu r ren t  will  r e t a r d  the f i r ing 

2-4. DETAILED DESCRIPTION - The base  c u r r e n t  of Qz is a feedback s ignal  
( o r  e r r o r  voltage) developed f r o m  comparing a voltage on the base  of Q2 (which is 
proport ional  to the output voltage) and a re ference  voltage a c r o s s  z e n e r  diode CR2 in  
the TN160. 
m o r e  col lector  current .  
longer  to charge ,  and wi l l  therefore  delay the t i m e  of the peak voltage on Ql . ( the  peak 
voltage on Q1 i s  the voltage n e c e s s a r y  to f i r e  Ql). 
r e t u r n s  the output voltage t o  normal .  
t akes  place.  

If the voltage t r i e s  to r i s e ,  m o r e  base  c u r r e n t  flows in  Q2, resul t ing in  
More  col lector  cu r ren t  in  Q2 will  r e su l t  in  C907 taking 

T h i s  r e t a r d s  the f i r ing angle and 
If the output voltage d rops ,  the r e v e r s e  action 

2-5. C906 and R5 a r e  to inc rease  stabil i ty in the feedback circuit.CR903 a c t s  
as a f r e e  wheeling diode to maintain cu r ren t  in the load and f i l t e r  choke when the SCRs 
a r e  both blocking. 
load.  

It contributes to over -a l l  c i rcu i t  stabil i ty.  R905 is a minimum 
L9Ol and C9Ol through C905 a r e  the f i l t e r  section. 

Power  Supply, Bottom View, Showing Silicon-Controlled Rec t i f i e r s  

P a g e  2 of 5 



3 .  -20v SUPPLY 

The  -2OV supply is only ;L - 3 V  supply added on thc bottom of the -17V supply. The 
voltage i s  rectified by CR908 and filtered by R907 and C908. Since the forward  drop 
through sil icon diodes arc? approximately constant through a l a r g e  change of c u r r e n t ,  
CR909, CR910 arid CRY11 a r e  uscd a s  a voltage rcference.  
regulator ,  sinct. i t s  e m i t t e r  voltage will bc only ahout 0. 3 volts from its base voltage, 
which is constant.  
c u r r e n t  ra t ing of the supply. 
R909. When t h e r e  is no vxternal load, th i s  c u r r c n t  flows through Q901, but when there 
is a n  ex te rna l  load, c u r r e n t  which flows through the external  load is  subtracted f rom 
the  c u r r e n t  flowing through Q901. R9lO provides  c u r r e n t  for CR909, CRY10 and CR911 

Q901 acts  a s  a shunt 

The re fo re  the  output voltage a c r o s s  Q901 is  constant  within the 
A constant c u r r e n t  i s  flowing through R907, €2908 and 

P a g e  3 of 5 
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TRANSISTOR POWER SUPPLY 
MEC MODEL 165-4C 

1. GENERAL DESCRIPTION 

A Milgo type 165-4C Power  Supply has t h r e e  outputs: the f i r s t ,  a t12v ,  ( t l v ,  -3v) a t  1 

a m p e r e  output; the second, a -2Ov, (+2v, -6v) a t  2 a m p e r e s  output; and the th i rd ,  a -65v 

(&5v) a t  one a m p e r e  output. The  -65v supply is s tacked on the bot tom of the -2Ov supply, 

thereby giving a n  output of -85v. The a-c  input of th i s  supply can  v a r y  f r o m  lOOvac 

to  130vac and f r o m  45 to 60 cycles .  

and has  a f ront  panel 8-314 inches high by 8-7 18 inches wide. 

35 pounds. 

The unit is mounted in a s tandardMilgo  slide-type r a c k  

I t s  weight is approximately 

2 .  t 1 2 v  SUPPLY 

2-1. A port ion of the output of t r ans fo rmer  T401 is rect i f ied by a br idge rec t i f ie r  CR401 

and f i l t e red  by r e s i s t o r  R401 and capaci tors  C401 and C402. The  voltage a c r o s s  capac i to r s  

C401 and C402 is normal ly  20v (approximate).  T r a n s i s t o r  Q401 and r e s i s t o r s  R402 and R403 

a c t  as  a va r i ab le  r e s i s t a n c e  e lement  in s e r i e s  with the output load, which can  b e  v a r i e d  to 

main ta in  a constant output voltage ac ross  a va r i ab le  load,  A s  the load c u r r e n t  i n c r e a s e s ,  

the effective r e s i s t a n c e  of Q401 is decreased  s o  that the IR d rop  a c r o s s  R402, R403, and 

(2401 will  r e m a i n  constant producing a constant output voltage.  If the input a-c l ine voltage 

should i n c r e a s e ,  the d-c  voltage ac ross  f i l t e r e d  capac i to r s  C401 and C402 would i n c r e a s e  

and the effective r e s i s t a n c e  of Q401 must i n c r e a s e  again so that the output voltage will r ema in  

con stant.  
0 

Trans i s to r  Power  Supply 
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2 - 2 .  T h r  r f f ec t iv r  res i r tnnce  of (1401 i r  rontrollccl by the control sect ion,  consisting of 

t r n n s i s t o r s  Q402, Q.103, Q404, nnd t h v i r  nSSociatrc1 c i rcu i t ry .  Q404 de termines  whether 

the output voltnge j s  too high o r  too  low nrid i s  followrd by power ampl i f ie rs  Q403 and Q402, 

which amplify tlrr control signal t o  the npceqqary power levr l  fo r  driving Q401. ' l i p  base  

voltnge of Q 4 0 4  i s  referrnced f r o m  the oritput of 4 . 7 ~  zener  diode CR402. The  emi t te r  

voltnRe of Q.104 Is determinrd by the r e s i s to r  divider network of R413, R414,andR415. The  

voltage f r o m  the wiper of potentiometer R414 i s  applied to t h e  emi t t e r  of Q404. 

2-3.  A s  the output voltnge inc reases ,  the magnitude of the voltage f r o m  the wiper  of 

R414 will a l s o  inc rease  proportionally.  Since the output a c r o s s  zener  diode CR402 rema ins  

constnnt R S  the output voltRgc inc reases ,  the emi t t e r  voltage tends to go posit ive with r e spec t  

to  the b a s e  voltnge, driving Q404 toward cutoff. A s  Q404 goes toward cutoff, t he re  is  less 

col lector  cu r ren t  through R410, so the re  is l e s s  base  cu r ren t  in Q403. The  emi t t e r  cu r ren t  

of 4403  d e c r e a s e s ,  reducing the c u r r e n t  through R407 and b a s e  cu r ren t  of Q402. With l e s s  

bmse c u r r e n t  in Q402, the emi t t e r  cu r ren t  d e c r e a s e s ,  reducing the b a s e  c u r r e n t  of Q401. 

With less  base  cu r ren t ,  the effective res i s tance  of Q401 will i nc rease .  Therefore ,  theoutput 

voltage d e c r e a s e s  until Q404 senses  the co r rec t  re la t ionship between the output voltage and 

the zene r  voltnge of CR402. 

2-4. If the output voltage d e c r e a s e s  below the des i r ed  value,  the portion of the output 

voltage applied to the emi t te r  of Q404 a l so  d e c r e a s e s ,  tending to make  the emi t t e r  m o r e  

negative with respec t  to the base .  This  i nc reases  the col lector  cu r ren t  of Q404, which in- 

c r e a s e s  the base  cur ren t  of Q403, thus increasing the emi t t e r  c u r r e n t  of Q403 and the base  

c u r r e n t  of Q402. Th i s  in tu rn  inc reases  the emi t t e r  c u r r e n t  of Q402 and the b a s e  c u r r e n t  of 

Q401, which reduces  the effective r e s i s t ance  of Q401, causing the output voltage to r e tu rn  to 

i t s  regulated value.  Q404 Rctually is  matching the zener  voltage to the emi t t e r  voltage.  

2 - 5 .  Since a portion of t h e  output voltage applied to the emi t t e r  of Q404 can be  var ied  by 

potent iometer  R414, and the emi t t e r  voltage of Q404 is to  r ema in  constant,  the output voltage 

mus t  be  changed a s  the r e s i s to r  R414 i s  changed. In this  manner ,  the regulated output voltage 

can be  adjusted over  A range of t 9 v  to t13v .  Capaci tor  C403 has  been added to prevent  hunting. 

Res i s to r s  R402 and R403 a r e  included to l imit  the peak c u r r e n t  through t r ans i s to r  Q401 to  a 

safe  va lue  if the output terminal  is sho r t  c i rcui ted,  and to  provide r e v e r s e  b ias  f o r  Q401 and 

Q.102. Res is tor  R404 provides a path f o r  the leakage cu r ren t  of Q402 so that this  c u r r e n t  does 

not affect  the base  cur ren t  in Q401, allowing Q401 to  be m o r e  near ly  cut off during a light load. 

3. - 2 0 ~  SUPPLtY 
' A second portion of the output of t r ans fo rmer  T401 i s  rec t i f ied  by br idge  r ec t i f i e r  

CR421 and f i l t e red  by parallel  r e s i s t o r s  R421A and R421B, and capac i tors  C421, C422, and 

C423. The  d-c voltage a c 1 - 0 ~ ~  capac i tors  C421, C422, and C423 is 30v (approximate) .  T r a n s -  

i s t o r s  Q421 and Q422 with the i r  assoc ia ted  r e s i s t o r s  R423, R4L4, and R42L ac t  a s  a var iab le  

r e s i s t ance  e l emrn t  in se r i e s  with the output load. which can be  va r i ed  to maintain FI constant 

3-1. 



3-2. If tlic input n - r  litir voltnKv qhoirld ! t i c r v n v i * ,  !hc r l - c  vnl lnar  nrrovv f l l t p r  capmcftors 

C4t1,  C 4 L Z ,  nnd C4t. l  woultl iticrrr3Sc>, nrid thc dfcct ivr-  rp.yistnncr of Q421 nnd Q4L2 must 

i n c r e n s r  R p i n  to Izrrp t h r  oiitpul voltngc r O h S t R l i t .  The eIIrr t ive rc~sistnrise of Q421 andQ422 

is cont ro l l rd  by th r  control s r c t i o n ,  con.;istingof t r e n s l s l o r s  Q4?,3, 4 4 2 4 ,  and 0 4 2 5  nnd the i r  

nRsoriotcd clrci i i t ry .  'rimns.istor Q425 c1rtcrminr.s w h r t h r r  t h e  oiitput voltrige i s  too high o r  

too low nnd i s  fol lowrd by powcr nmplifier.; Q424 end Q423,  which ampllfy the control  signal 

to the neccssn ry  powcr levcl for  driving Q4L1 and Q422.  T h e  h n s e  voltnge of (2425 is r e fe r -  

ctircd f r o m  t h t  outpiit by R 4 . 7 ~  zpner  diode CR422.  The  emft Ie rvol tage  of Q425 is determined  

by R r p s i s t o r  divider  network R434, R435, and R436. The voltRge f r o m  th6  wiper  of poteneio- 

m e t r r  R435 is  Rpplicd to t l i ~  emi t t e r  of Q425.  

3 - 3 .  129 the output voltngr increasps ,  the magnitudc of the voltagp f r o m  the wiper  of R435 

will i n c r e a s e  proport ional ly .  Since the output a c r o s s  C R 4 2 2  r e m a i n s  constant as the output 

vol tage i n c r e a s e s ,  the emi t t e r  voltngp tends to become posit ive with res1ic.c.t to  the b a s e  

vol tage,  dr iving Q425,  which i s  an  N P N  t r ans i s to r ,  toward cutoff. A s  4 4 2 5  goes toward 

cutoff ,  t h e r e  i s  l e s s  col lector  c u r r e n t  through R431,  and consequently,  t h e r c  i s  lcs.: base c u r r e n t  

in Q424.  With l e s s  

e m i t t e r  c u r r e n t  inQ424,  the cu r ren t  through R428 and the b a s e  c u r r e n t  of Q423 a l s o  d r c r e a s e .  

T h i s  r educes  the emi t t e r  c u r r e n t  in Q423 and reduces  the ba5e c u r r e n t  in Q 4 2 1  and Q422. 

L e s s  b a s e  c u r r e n t  inQ421 and Q422 i nc reases  the i r  effect ive rcs i s tnnce ,  which i n c r e a s e s  the 

IR d r o p  a c r o s s  them. The re fo re ,  the output voltage d e c r e a s e s  until a 4 2 5  ~ e n s f - 5  the  c o r r e c t  

re la t ionship  between the output voltage and the zene r  voltage of CR422.  

With less b a s e  c u r r e n t  in Q424 ,  the emi t t e r  c u r r e n t  of Q424 dpcrcaqcs .  

3-4.  Conversely,  if the output voltage d e c r e a s e s  below the des i r ed  value,  the port ion of 

theoutput  vol tage applied to the emi t te r  of Q425 a l s o  d e c r c a s e s ,  tending to m a k p  the e m i t t e r  

m o r e  negat ive with r e spec t  to the basc. Th i s  i n c r e a s e s  th r  col lector  cu r ren t  of Q425, in- 

c r e a s i n g  the base c u r r e n t  of Q424, which in turn  in 'creases  the e m i t t e r  c u l - r ~ n t  of Q424 and 

t h e b a s e  c u r r e n t  of Q423.  This ,  in turn,  i n c r e a s e s  the pmi t tc r  r i i r ren t  of (2423 and t h r  b a s e  

c u r r e n t  of Q421 and Q422,  reducing the e f fec t ive  r e s i s t a n r e  of Q42l  and (2422, and causing 

the  output vol tage to  r e t u r n  to i t s  regulated value.  T r a n s i s t o r  Q425 i s  acL~IRl1y rnntching the 

z e n e r  vol tage to  the e m i t t e r  voltage.  

3-5. Since a port ion of the output voltage applied to the emi t t e r  of Q / l t S  can be  va r i ed  by 

poten t iometer  R135, and the e m i t t e r  voltage of Q425 is  to  r ema in  rons tan t ,  thc olltp1ltvoltage 

will have to be changed a s  the r e s i s to r  R 4 3 5  is  changrd.  In t h i s  m a n n e r ,  the regulated 

vol tage of th i s  supply can be adjusted f r o m  -14v to -22v. Capaci torS C425 and C424 provide 

feedback f o r  s tabi l izat ion purposes .  

3 - 6 .  R e s i s t o r s  R423 and R424 serve  twofi inr t ions.  First ,  they f o r c e  t h r  co l l r c lo r  c u r r e n t  

Since the bases a r e  tied in  c o m m o n ,  if o n e  t i -ansis tor  conducts of Q421 and Q422 to  ba lance .  
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m o r e  than the o ther ,  the higher I R  dro) )  I I I  t l l r - i r  n s a o c l n t d  r e s i s t o r  would tend to r e v e r e e  

bins the t r n n s i s t o r  with the inoHt c u r r r n t  nncl, In t h i s  mnnner ,  f o r c e  the c u r r e n t s  to balance.  

Second, if the outpnt supply 1s shorted,  resistors H422, R423 and R424 Ilmlt the peRk c u r r e n t  

through a421 nnd Q422 to n sRfe vnliie while fuHe F4O2 is meltina.  ResiRtor R425 provjdes  a 
p t h  f o r  the IenkRge cur ren t  of Q423 so that this  IenkRge c u r r e n t  does not affect the b a s e  

c u r r e n t  ‘ in  4421 Rnd Q422. This  R l l O W S  Q421 Rnd Q422 to b e  m o r e  near ly  cut off during a 

light l o ~ d .  

4.  - 6 5 ~  S U P P 1 , Y  

4-1. A tht rd portion of the output of t r a n s f o r m e r  T401 Is rectifiedjby a br idge rec t i f ie r  

CR441 and f i l t e red  by res i s tor  R441 and capac i tors  C441 and C442. T h e  v o l t ~ g e  a c  r o s s  

capaci tor  C441 and C442 is  normally 75v (approximate) .  T r a n s i s t o r  Q441, and r e s i s t o r s  

R442 nnd R443, a c t  a s  a var iab le  r e s i s t a n c e  element  in series with thp output load, which can  

be v a r i e d  to maintain a constant output voltage a c r o s s  a var iab le  load. A s  the load c u r r e n t  

i n c r e a s e s ,  the effective res i s tance  of Q441 is d e c r e a s e d  so that the IR d r o p  a c r o s s  R442, 

R443, and Q441 will remain constant,  producjng a constant output voltage.  If the input a - c  

l ine voltage i n c r e a s e s ,  the d-cvol tage a c r o s s  f i l t e red  capac i tors  C441 and (3442 will i n c r e a s e  

and the effective res i s tance  of Q441 m u s t  i n c r e a s e  again so that the output voltage will re-  

m a i n  constant.  
\ 

4-2. T h e  effective res i s tance  of Q441 i s  de te rmined  by the control sect ion,  consis t ing of 

(2444 d e t e r m i n e s  whether  t r a n s i s t o r s  Q442, Q443, and Q444 and the i r  as5,ociated c i rcu i t ry .  

the output voltage is too high or  too low and i s  followed by power ampl i f ie rs  Q443 and Q442. 
T h e s e  amplify the control  signal to the n e c e s s a r y  power level f o r  dr iving Q441. T h e  e m i t t e r  

voltage of Q444 is re ferenced  f r o m  the output by a 1Zv z e n e r  diode CH442. T h e  b a s e  voltage 

of Q444 is d e t e r m i n e d b y t h e  r e s i s t o r  divider  network of R452, R453, and R454. T h e  voltage 

f r o m  the wiper  of potentiometer R453 i s  applied to  the b a s e  of Q444. The z e n e r  is r e f e r e n c e d  

f r o m  the posi t ive s ide  of this  supply to reduce the emit ter- to-col lector  voltage of Q443 and 

Q444 to  less than 25v. 

4-3. A S  the output voltage i n c r e a s e s ,  the magnitude of the voltage f r o m  the wiper  of R453 

will a l s o  i n c r e a s e  proportionally.  Since the output a c r o s s  z e n e r  diode CR442 r e m a i n s  

constant as the output volts i n c r e a s e ,  t h e  b a s e  voltage tends to  become negative with r e s p e c t  

t o  the e m i t t e r  voltage,  driving Q444 toward cutoff. As Q444 goes toward cutoff, t h e r e  is less 

co l lec tor  c u r r e n t  through R450 and l e s s  b a s e  c u r r e n t  in Q443. The e m i t t e r  c u r r e n t  of Q443 

d e c r e a s e s ,  reducing the c u r r e n t  through R447 and the base c u r r e n t  of Q442. With less base 

c u r r e n t ,  the Q442 emi t te r  c u r r e n t  d e c r e a s e s ,  With less 

b a s e  c u r r e n t ,  the effective r e s i s t a n c e  of Q411 i n c r e a s e s .  T h e r e f o r e ,  t h e  output vol tage de-  

c r e a s e s  until Q444 s e n s e s  the c o r r e c t  re la t ionship between the output vol tage and the z e n e r  

voltage of CR442. 

reducing the b a s e  c u r r e n t  of Q441. 

4-4. If the  output voltage d e c r e a s e s  below the d e s i r e d  value,  the port ion of the output 

voltage applied to the  base of Q441 a l s o  d e c r e n s e s ,  tending t o  m a k e  the b a s e  m o r e  posit ive 

P a g e  4 of 7 



with reepect  to the emi t te r .  This increnHeR the col lector  c u r r e n t  of Q444, lncreas lng  the 

base  c u r r e n t  of Q443, nnd increas ing  the emt t t e r  c u r r e n t  of Q443 and the base cu r ren t  of 

Q442, 

ducing the effective res i s tnnce  of Q441, and caufles the outputvoltage to inc rease  and to  r e t u r n  

to i t s  regulated value.  

This  in tu rn  inc reases  the emitter cu r ren t  of Q442 and the base  cu r ren t  of Q441, re-, e 
Q444 4s. a ~ t ~ a l l y  matching the zener  voltage to the base  voltage.  

4-5. Since a portion of the output voltRge applied to the b a s e  of Q444 can be va r i ed  by 

potent iometer  R453, mnd the base  voltage of Q444 is to r ema in  constant,  the  output voltage 

will  have to be changed c1s the  r e s i s t o r  R453 is changed, In this  manner ,  the regulated output 

voltage can be adjusted over  a range  of -6Ov to - 7 0 ~ .  Capaci tors  C443 and C444 have been 

added to prevent hunting, Res i s to r s  R442 and R443 a r e  included to l imit  the peak cu r ren t  to 

t r a n s i s t o r  Q441 to a s a f e  value i f  t h e  output te rmina l  is  sho r t  c i rcui ted,  and to provide re- 

v e r s e  b i R s  fo r  Q441. Res is tor  R444"provides a path f o r  the leakage curre'nt of Q442 S O  that 

this  c u r r e n t  does not affect  the base  current  in Q441. Thts  a l lows Q441 to be m o r e  near ly  

cut off during a light lond. Th i s  -65v power supply is stacked on the bottom of the -2Ov supply 

giving a combined outpiit of -85v. 
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TN 28 
RELAY DRIVING FLOP-FLOP 

A TN28 i s  a bistable flip-flop which can be used fo r  driving a re lay  coil o r  other  

loads of 500 ohms o r  more,  

between pins 8 and 1) i s  a special  network used in conjunction with a 350 ohm re lay  coil  

which has  permanent  magnet bias  and requi res  plus and minus c u r r e n t s  f o r  optimum oper-  

ation. 

s i s to r  Q1 is sa tura ted  and Q2 is cut off, leaving the re lay  de-energized.  The "on" o r  "1" 

condition i s  the opposite, with Q l  cut off and Q2 sa tura ted ,  causing the relay to  energize.  

Assuming that Q1 is  saturated,  then its col lector  i s  approximately -0.25 volts.  

R4 and R5 a r e  then connected f r o m  +I5 volts to 0 volts and by divider  action hold the 

base  of Q2 at  approximately +3. 5 volts. 

v e r s e  b ias  keeps Q2 cut off. 

the cu r ren t  through r e s i s to r  R1 is approximately 0. 25 mi l l iamps .  The cur ren t  through the 

s e r i e s  combination of R2 and the external load r e s i s t o r ,  which may ve ry  f r o m  500 ohms to  

5K, v a r i e s  f r o m  0.53 to 0.48 mill iamps. 

i s  the  base  cu r ren t  of Q1, which is sufficient to dr ive  Q1 t o  saturat ion.  

original condition, so th i s  condition is a stable one. 

mus t  be  somewhat negative during quiescent conditions. 

by ra i s ing  the voltage a t  pin 3 to a positive value so that diode CR1 conducts,  ra i s ing  the 

base  voltage of Q1 to  a posit ive value,  

so it cannot be  generated by a high impedance source.  

now r e v e r s e  biased and cut off. 

ween 0 and t 1 5  vol ts ,  and Q2 is no longer clamped off.  Instead, QL base  cu r ren t  m a y  

now flow through r e s i s t o r s  R5 and R3, causing Q2 to  sa tura te .  

are  connected f r o m  t 1 5  to 0 volts and hold the base  of Ql a t  approximately t 6  volts ,  

keeping Ql in a cut off condition a f te r  the input pulse pas ses .  

mndition which will be  maintained until Q2 is cut off by a posit ive pulse  at  e i ther  pin 6 o r  

pin 7. 
to  be  conducted through R2 and the external load, dr iving Q l  back into saturat ion and re- 

s tor ing  the initial condition. 

re lay  coil connected a c r o s s  pins 8 and 1. 
coil is de-energized.  

cu r ren t  through the re lay  coil by driving the voltage Rt pin 8 much m o r e  negative than the 

-26 volt supply. 

col lector  voltage. 

phases of the cycle,  CR2 is r e v e r s e  biased and s o  does not en ter  into the operation of the 

circui t .  

CR2 is forward  biased and conducts, providing a path f o r  cu r ren t  through the relay coil 

The external load (shown on the schematic  d iagram in phantom 

The network is normally defined as  being in the "off" o r  "0" condition when t r an -  

Res is tors  

Since the emi t t e r  a t  Q2 is  a t  0 volts,  this re- 

With Ql saturated,  i t s  base  i s  at  approximately - .05 vol ts ;  so 

The difference between the. cu r ren t s  in R 1  and RZ 
This  sa t i s f ies  the 

The input vol tages  a t  pins 3,  6 and 7 

The flip-flop may be turned "on" 

Note that the input pulse wjl l  be  loaded somewhat,  

With the base  of Q l  posit ive,  Q1 is 

With Ql  cut off, R4 and R5 a r e  no longer connected bet-  

Now r e s i s t o r s  R1 and R2 

This ,  then, is the o ther  s table  

A posit ive pulse  a t  e i ther  of these pins tu rns  Q2 off, allowing base  cu r ren t  f r o m  Q1 

Diode CR2 is included to  suppres s  the voltage of a n  external  

A s  Q2 goes f r o m  saturat ion to cutoff, the re lay  

However,  the inductance of the relay coil a t tempts  to maintain the 

If this  were  allowed to happen, Q2 could be  damaged by excessive emitter- 

T o  prevent  this  from happening, diode CR2 is added. During mos t  

When the re lay  is de-energized and pin 8 is dr iven  negative by the relay inductance, 
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and eliminnting the voltage spike. Although the description of operation of thie network has 

been bnsed on voltnges of + 1 5  volts nnd -25 volts, this network wtll operate equally on volt- 

nges of t 1 2  volts and -20 volts or t10 volts and -15 volts. 
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I" 42 
RELAY. DRIVING COUNTING FLIP-FLOP 

TN42 is a counting type bistable flip-flop which can  be used to dr ive  a re lay  Coil O r  

o ther  loads 500 ohms o r  m o r e ,  The external load which is shown on the schematic  d i a g r a m  

as  dotted between pins 8 and 1 is a special network used i n  conjunction with a 350 ohm re lay  

coil which h a s  permanent magnet b ias  and r e q u i r e s  plus and minds c u r r e n t s  f o r  optimum 

operation. 

Q1 is saturated and Q2 is cut off leaving the relay de-energized. 

is in the opposite, with Q1 cut off and Q2 saturated causing the relay to  energize.  

a s s u m e  that Q1 is saturated then i t s  collector will b e  a t  approximately -0.25 volts.  

s i s t o r s  R3 and R5 a r e  then connected from t 1 5  to  0 vol ts  and by divider action hold the b a s e  

of Q2 a t  approximately t 3 . 5  volts. 

will keep 4 2  cut off. 

c u r r e n t  through r e s i s t o r  R1 is 0. 25 ma. 

and the external  load r e s i s t o r ,  which may v a r y  f r o m  500 ohms to  5K, will v a r y  f r o m  0.53 

to 0.48 m a .  The  difference between the current  in R1 and the c u r r e n t  in R4 is the b a s e c u r r e n t  

ot Q l ,  which i s  sufficient to dr ive  Q1 to  saturation. 

that condition i s  a s table  one, 

during quiescent conditions. 

to a posit ive value so that diode C R l  will conduct, ra i s ing  the b a s e  voltage of Q1 to  a posit ive 

The  network is normally defined a s  being in the "off" condition when t r a n s i s t o r  

The  'ion" o r  "1" condition 

If we 

R e -  

Since the emi t te r  a t  Q2 is a t  0 vol ts ,  this r e v e r s e  b ias  

With Q1 saturated its b a s e  will be a t  approximately -0.5 vol ts  so the 

The c u r r e n t  through the s e r i e s  combination of R4 

This  sat isf ies  the original condition, s o  

The input voltages a t  pins 3 and 6 m u s t  be somewhat negative 

The flip-flop may be turned "on" by ra i s ing  the voltage a t  pin 3 

value.  

by a high impedance source ,  

off. 

is no longer  clamped off. 

R6 causing Q2 to saturate .  

and will hold the base  of Q1 a t  approximately t 6  Volts, 

the input pulse p a s s e s ,  

Q2 is  cu t  off by a positive pulse  a t  pin 6. A positive pulse  a t  pin 6 will t u r n  Q2 o€f, allowing 

the b a s e  c u r r e n t  f r o m  Q1 to be conducted through R4 and the external  load, driving Q1 back 

into saturat ion and res tor ing  the init ial  condition. 

t e rna l  re lay  coil connected a c r o s s  pins 8 and 1. 

re lay  coil  i s  de-energized.  

the c u r r e n t  through the re lay  coil by driving the voltage a t  pin 8 much m o r e  negative than the 

-26 volt supply. 

col lector  voltage. To prevent  this  f r o m  happening, diode CR5 is added. During m o s t  phases  

of the cycle  CR5 will b e  r e v e r s e  biased and therefore  will not en ter  into the operation of the 

c i rcu i t .  

CR5 is now forward  biased and conducts, providing a path f o r  c u r r e n t  through the re lay  coil 

It should be noted that the input pulse will be loaded somewhat s o  it cannot b e  generated 

With the base of Q l  posit ive,  Q1 i s  now r e v e r s e  biased and cut 

With Q1 cut off R3 and R5 a r e  no longer connected between 0 vol ts  and t 1 5  volts and Q2 

Instead, Q2 base c u r r e n t  may now flow through r e s i s t o r s  R5 and 

Now r e s i s t o r s  R1 and R4 will be connected f r o m  t 1 5  to  0 vol ts  

keeping Q1 in a cut  off condition a f te r  

This  then is the other s table  condition, which will be maintained until 

Diode CR5 is included to suppress  a n  ex- 

As Q2 goes f r o m  saturat ion to  cut off the 

However, the inductance of the re lay  coil  will at tempt to maintain 

If this  w e r e  allowed to happen Q2 could be damaged by excessive e m i t t e r -  

But when the re lay  is de-energized and pin 8 is dr iven  negative by the relay inductance, 0 
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and eliminating the voltage spike. 

The actions just descr ibed cover the operation of this  network a s  a conventional bi- 

s table  f l ip-f lop which requi res  a turn-on pulse and a turn-off pulse.  

can be  used fo r  counting by using the pin 7 input, 

es tab l i shes  the i r  junction a t  - 4 . 5  volts ,  

o r  a t  a posit ive voltage, both CR2 and CR3 will  normally be r e v e r s e  biased and non-conducting, 

By applying a positive pulse approximately 10 volts high with a r i s e  t ime of approximately 

0.5 microseconds to pin 7 ,  the junction of R2 and R7 will be ra i sed  to t5.5 volts  until C3 
discharges .  

simultaneously.  

When both a r e  cut off by the input pulse the re  will be no drop  in  voltage a t  the collector of (22, 

hence no pulse coupled through C1. But when Q1 cuts  off the resul t ing drop in  voltage a t  the 

Q1 col lector  i s  coupled through C2 to the base  of Q2. The i e su l t  is that when the input pulse  

has  been differentiated (C3 charges  up) and no longer has  an effect ,  C2 fo rces  Q2 to conduct. 

When the next positive pulse is applied to pin 7, the resul t ing drop  in voltage a t  the Q2 collector 

will f o r c e  Q1 to turn  on f i r s t .  

a "1" o r  r e v e r s e  f o r  every posit ive pulse  that is applied to pin 7 .  

In addition, this  network 

R2 and R7 ac t  as a divider network which 

Since the bases  of Q1 and 0 2  a r e  e i ther  a t  - 0 . 5  volts  

This  will permi t  both CR2 and CR3 to conduct, which will cut off both Q1 and Q2 

Assume the condition before the input pulse  w a s  Q1 sa tura ted  and P 2  cut D f f ,  

In this  way the s ta te  of the network will change f r o m  a "0" to 
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TN 57 
DUAL PULSE AMPLIFIER 

The TN57 contains two P N P  t rans is tors  connected as  two independent conventional amplif iers .  

Only one of these  will be discussed s ince the o ther  is identical  to  it. 

supply voltage is connected to pins 3 and 1 with the plus side on pin 3. 

and pin 4 the output, 

and the voltage a t  pin 4 will  be the same as  the voltage a t  pin 1. 

0.5 vol ts  negative with respec t  to pin 3 the t r ans i s to r  will s a tu ra t e  and the voltage a t  pin 4 wil l  

go posit ive until i t  sa tura tes ,  approximately 0. 25 volts m o r e  negative than the emi t te r .  Caution 

As normally used,  a 

P in  2 will be the input 

As long a s  pin 2 is more positive than pin 3 the t r ans i s to r  is cut off 

When pin 2 is approximately 

. m u s t  be used to connect an  ex terna l  b a s e  res i s tor  in  s e r i e s  with pin 3 to prevent  damage to 

the t r a n s i s t o r ,  , The value of the external*pase r e s i s t o r  is dependent upon how negative the 

driving voltage goes and upon the external  load that is connected to pin 4. 

the  base  cu r ren t  should be  a t  l ea s t  1120th .of the  collector cu r ren t .  

TO insu re  saturat ion 

The TN57 may a lso  be used in a variety of applications by the addition of external 

components. 

Page  1 of 2 





TN 5 8  
D U A L  EMITTER FOLLOWER 

A TN58 consis ts  of two N P N  t rans is tors  connected a s  independent emi t te r  fol lowers .  As 
normally used,  a supply voltage is connected to pins 4 and 1 with the plus side on pin 4.  

the voltage a t  pin 2 is var ied ,  between the voltages a t  pins 4 and 1, the t r ans i s to r  will conduct 

and the voltage a t  the emi t te r ,  pin 3, will be  approximately 0 . 4  volts  m o r e  negative than the 

voltage a t  pin 2. Because of the power gain of the t r a n s i s t o r  a lower impedance load can be  

dr iven f r o m  pin 3 than could hatre been dr iven f r o m  the signal applied to pin 2 ,  

As 

The TN58 may a l so  be used in a variety of applications by the addition of external  com- 

ponent s . 

a 
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% TN 90 B 
BALANCED FLIP-FLOP AND DIVIDER 

The TN90B is a bistable balanced flip-flop. An auxi l iary input (pin 3) allows the 
network to be used as a divider  in a counter. 

The network is defined a s  being in the "0" s t a t e  when Q1 is saturated and Q2 is 
off and in the "1" s ta te  when the r eve r se  is true.  Assume  that Q l  is saturated ("0" 
state)  then the col lector  voltage of Q1 wil l  be approximately 0 volts and r e s i s t o r  divider,  
R1 and R7, wi l l  maintain approximately t3.5 vol ts  of r e v e r s e  bias  on the base of QZ, keep- 
ing it cut off. With Q2 cut off, r e s i s to r s  R3 and R6 wi l l  provide a path fo r  Q1 base cu r r&t ,  
clamping Ql in saturation. This condition is stable  and wil l  not be changed until  an input 
is received on pin 3 o r  pin 6. P i n  6 is in the "1" input, in that a positive pulse above 
Ovolts pin 6 will cause CR3 to conduct, thus dr ive  the base of Q1 posit ive above Ovolts, 
r e v e r s e  biasing Q1, subsequently cutting Q1 off. As Q l  is cut off its collector will go neg- 
a t ive and due to the 
base of Q2 goes negative, Q2 will go into saturat ion.  A s  Q2 sa tu ra t e s ,  its col lector  will 
go positive and due to  the r e s i s t o r  divider of R2 and R3 the base of Q l  will be r e v e r s e  
biased a t  approximately t3.5 volts,  keepingQ1 cut  off, a f t e r  the input pulse has passed. 
The network will r ema in  in the "1" state until reset by a posit ive pulse on pin 7 or t r ig-  
gered f r o m  a pulse on pin 3, the counting input. If a positive pulse is applied on pin 3 
through a n  ex terna l  capaci tor  for differentiation, both Q1 and Q2 wil l  be cut  off. Capaci-  
t o r s  C l  and C2 r e t a in  charges  which a r e  dependent upon which one of the t r a n s i s t o r s  w a s  
sa tura ted  before the input pulse occured. Since the input pulse is differentiated by a small 
input capaci tor ,  it wil l  last a ve ry  shor t  t ime, l e s s  than one microsecond. A t  this  point, 
the in te rna l  capaci tors  C1 and C2  take over ,  turning on the t r ans i s to r  that had previously 
been off. F o r  example; assume the network is the " l"s ta te ,  therefore  Q1 is cut  off and Q Z  
is sa tura ted .  The voltage a c r o s s  C1 w i l l  be approximately 3.5 vol ts  and a c r o s s  CZ will  be  
approximately 26 volts. When pin 3 goes positive above 0 volts,  both bases  will be d r iven  
positive, cutting the t r a n s i s t o r s  off. The col lector  of Q2 starts to go negative f r o m  Ovolts 
to -23volts. Since this  occu r s  almost instantaneously and C1 has been charged only 3.5 
vol t s  the base of Q1 wil l  go negative, turning Q1 on. A s  Q1 is turned on, Q2 is held cut 
off and we are now in the "0" s t a t e  as explained previously.  Npte, s ince the col lector  of 
Q1 was at -23 volts before  the pulse occurred on pin 3 and the re  wasn't  any change of col-  
l ec tor  voltage when the pulse did occur. The base of Q2 would not experience any change 
through C2. The output pins of the network are 5 and 8. When the network is in the "0" 

state pin 5 will  be at Ovolts and pin 8 wil l  be approximately -23 volts and the r e v e r s e  is 
t rue  when the network is in the I '  1" state. Although the descr ipt ion of operat ion has been 
based on voltages of t 1 5  vol ts  and -25 vol ts  this network will opera te  equally on voltages 
of t 12volts and -2Ovolts or t lovolts and - 15 volts. 

r e s i s t o r  divider, R1 and R7, the base of QZ will go negative. As the 
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'I" 1 3 0 B  
CORE DRIVER 

The TN130B i s  a blocking oscillator with amplif ier  which genera tes  a positive going 

pulse f r o m  -20 volts to 0 Volts, with a t ime duration determined by the c o r e  with which i t  is  

used,  

width of approximately 40 microseconds.  

The TNl3OB is normally used with a MEC Model MN13 core ,  which gives i t  a pulse 

In the quiescent condition, t ransis tor  Q1 is maintained in cut off. ,The  emi t te r  voltage 

of Q1 is  determined by the forward voltage drop of diodes CR2 and CR4 ( 1 . 5  volts)  and is a t  

approximately -18.5 vol ts ,  

feedback winding of the core ,  connected f r o m  pin 5 t o  - 2 0  volts. The d-c impedance of the 

feedback winding i s  approximately 5 ohns ;  thus the b a s e  of Q1 is  near ly  -20 volts,  keeping 

Q1 r e v e r s e  biased approximately 0 . 7  volts and properly cut off, Since t h e r e  is no Q1 col- 

lector  cur ren t ,  the collector voltage is t 1 2  volts.  

The b a s e  of Q1 is returned to -20 volts through R2 and the 

A positive going input pulse a t  pin 3 is coupled by capacitor C1, diode CR1, and 

capaci tor  C2, paralleled with R2 to  the b a s e  of Q1. 

resul t ing Q1 collector cur ren t  passes  through the collector winding of the external  core .  

This genera tes  a voltage a c r o s s  the  collector winding coupled through the c o r e  to the feed- 

back winding. 

col lector  voltage becomes negative, the voltage a t  pin 5 is becoming positive. 

d r i v e s  Q1 fur ther  into conduction, even a f t e r  the input pulse has  been differentiated by C1. 

Q1 sa tura tes  in approximately one microsecond with an emit ter-col lector  voltage of approxi- 

mate ly  0.25 volts.  

continues to dr ive  pin 5 of the TN network sufficiently positive to  cause  Q1 b a s e  c u r r e n t  to  

flow. 

the charac te r i s t ics  of the core .  

This  pulse s t a r t s  Q1 conducting. The 

By noting the phasing of the  windings on the c o r e ,  i t  can b e  seen that,  a s  the 

This in turn  

Q l  will remain  saturated a s  long a s  t r a n s f o r m e r  action in the c o r e '  

The pulse width (approximately 40 microseconds for  an  MN13 core)  is determined by 

When the c o r e  mater ia l  finally reaches saturat ion,  t r a n s f o r m e r  action in the c o r e  will 

cease ,  the feedback winding will no longer dr ive  pin 5 positive, and Q1 b a s e  cur ren t  will 

stop. 

in the  r e s e t  winding r e s e t s  the c o r e ,  

(pins  4 and 5 of the core)  through res i s tor  R4 and diodes CR2 and CR4. 

f r o m  the plus saturation condition attained during the output pulse to  a minus saturat ion 

condition ( r e s e t ) .  

winding a r e  reversed .  

v e r s e  b ias  on Q1. 

voltage some,what m o r e  positive than the t l 2  volts on pin 7.  

microseconds  f o r  the r e s e t  action to be accomplished. 

This  cuts  off Q l .  With no current  in the collector winding of the c o r e ,  the cur ren t  

This  r e s e t  c u r r e n t  is furnished to  the r e s e t  winding 

This  involves going 

During this  t ime,  t h e  voltages a t  the feedback winding and the collector 

The reversa l  of a voltage a t  the feedback winding i n c r e a s e s  the r e -  

The r e v e r s a l  of voltage in the collector winding tends to  dr ive  the output 

It takes  approximately 30 



The Rmplifier section Q2 i s  normally biased to cutoff by voltage divider  R7 and R6. 
With ho col lector  current flowlng, the quiescent col lector  voltRge of Q2 is -20 volta.  

negative going pulse  generated by the blocking osci l la tor  flection is coupled to the amplif ier  

base  through CR3, R5, and C3, 

by minimizing the fall t ime,  

minants .  

l e s s  thnn 8 ohms ( 2 0  to 24 MN11 c o r e s ) ,  

The 

The diode provides fo r  rapid cut off of the amplif ier ,  t he re -  

R5 and C3 s e r v e  a s  base  cu r ren t  I lmiting and r i s e  t ime  de te r -  

The lond is connected between -20  volts  and 0 volts  and should be l imited to  no 
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TN 138 
ONE-SHOT WITH EMITTER FOLLOWER OUTPUT 

The TN138 i s  a monostable flip-flop used for  generating a pulse  which can be 
var ied in width f rom a minimum .sf about 2 microseconds to over  200 microseconds.  In 
quiescent  condition, t rans is tor  Q1 i s  saturated by the base cur ren t  through r e s i s t o r  R3. 
Since t rans is tor  Q1 i s  saturated,  voltage dividers  R7 and R8 a r e  connected between t15 
volts and 0 volts, establishing a positive bias voltage on the QZ base,  and ke,eping Q2 cut  
off. Res is tors  R1 and R2 f o r m  a voltage divider,  establishing a noise bias of approxi- 
mately -2 .  5 volts, so that normal  input noise does not t r igger  the network. 

A positive pulse of not l e s s  than 10 volts, .with a r i s e  t ime not g r e a t e r  than 1 micro-  
second, will t r igger  the network by cutting off t rans is tor  Q!. 
pulse r a i s e s  the base voltage above 0 volts. 
input pulse  so that a long duration pulse w i l l  not affect the length of the (Jiltput pulse,  

Q1 is cut off when the input 
Capacitor C1 is used to differentiate the 

With Q1 cut off, r e s i s t o r s  R4 and R7 provide a path for  the base cur ren t  of t ran-  
s i s tor  Q2, and QZ saturates .  The collector voltage of t rans is tor  QZ will r i s e  f r o m  -25 
volts to nearly 0 volts. 
through capacitor C2, keeping t ransis tor  Q1 a t  cutoff until the R-C t ime of capacitor C2 
and r e s i s t o r  R3 allows the base voltage of t rans is tor  Q1 to re turn  to l e s s  than 0 volts. 
Q1 now sa tura tes  again and cuts  off Q2. 
aci tance in paral le l  with capacitor C2. 

This r i se  of voltage i s  coupled to the base of t rans is tor  Q1 

This t ime can be lengthened by adding cap- 

The te rmina ls  of C 2  a r e  brought out on pins 6 and 8 of the n2twork. CR2 is used 
to d e c r e a s e  the fall t ime of the output pulse by preventing C2 f r o m  discharging through 
R6. 
which will dr ive a load of 200 ohms. 

Res is tor  R5 provides a d-c  path for curren t  of C 2 .  Q3 is the emitter-follower 
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TN 144 
FLIP-FLOP WITH PULSE AMPLIFIER OUTPUT 

A TN144 is a bis table  flip-flop with a pulse  amplif ier  output which can  be used  to 

d r ive  a loRd of 85 ohms o r  m o r e .  

loading, which affects the switching of the  flip-flop, a pulse  ampl i f ie r  has  been added to 

pe rmi t  g rea t e r  loads.  A t ransis tor ized neon indicator may b e  connected in para l le l  with 

the load to  indicate the s t a t e s  of the flip-flop. The network i s  normally defined a s  being 

in the "0" s ta te  when t r ans i s to r  Q1 is sa tura ted  and Q2 and Q3 a r e  cut off. The  "1" s ta te  

is the condition when Q1 is cut off and QZ and Q3 a r e  sa tura ted .  

sa tura ted  ( "0"  s ta te ) ,  then i t s  collector is  at approximately -0 .  25 volt ,  

R6 a r e  then connected f r o m  t 1 L  volts to 0 vol ts ,  and by divider  action hold the base  of Y2 

at  approximately t 1 . 8  volts.  

QL cut off. 

through r e s i s to r  R1 is  approximately 0.  2 mil l iamps.  

a t  approximately -19 vol ts ,  and the cur ren t  through R2 and R4 i s  therefore  0 . 4  mill iarnps.  

The  difference between the cu r ren t s  in R1 and R 2  is the base cu r ren t  of 41, which i s  suf - 
ficient to c lamp Q1 in saturation. 

off when Q2 i s  cut off, s ince the b a s e  of Q3 i s  at -19 vol ts ,  r e v e r s e  biasing the emi t te r .  

Siiice Q3 is  cut off, t he re  is  no collector cu r ren t  (except f o r  leakage)  and pin 8 is  a t  ap-  

proximately 0 volts .  

quiescent  conditions. 

a t  pin 3 to a positive value so  that diode C R 1  conducts, thus ra i s ing  the base  voltage of Q1 

to  a posit ive value.  

r a t ed  by a high impedance source .  

and cuts  off. 

and 0 vol ts ,  and Q2 is no longer  clamped off. 

tlirough r e s i s t o r s  R 6  and R3, cuasing Q2 to  sa tura te .  

nected f r o m  t12  vol ts  to 0 volts,  and  c l amp  the base  of Q1 at  approximately +5 volts ,  

holding Q1 in a cut off condition after the input pulse p a s s e s .  

col lector  goes posit ive,  the b a s e  of Q3 goes positive enough to a l l o w  Q3 to  sa tura te .  

l imi t s  the base  cu r ren t  of Q3. 

proximately -17 vol ts .  

col lector  cu r ren t  when the re  i s  no  external load f r o m  pin K of the nt.tworlc to 0 vo l t s .  This  

i s  the other  s table  condition which will  be maintained until QL i s  c u t  off by a FoGitiv, pulse  

on pin 5. A posit ive pulse (normally called r e se t )  on pin 5 will a l l o ; v  base  cu r ren t  f r o m  

Q1 t o  be conducted through R2 and R 4 ,  dr iving Q1 back into saturat ion and res tor ing  the 

initial condition. Diode C R 3  i s  included to suppress  the inductive pffc,cts of a n  ps t r rna l  

re lay  coil (if used)  connected ac rossp ins  8 and L .  

the re lay coil i s  de-energized.  

Since m o s t  flip-flops a r e  l imi ted  to the amount of 

Assuming that Q1 i s  

Res i s to r s  R7 and 

Since the emi t t e r  of Q2 i s  a t  0 vol ts ,  this r e v e r s e  b ias  keeps 

With Ql saturated,  i t s  base i s  a t  approximately -0. 5 volt, so  the cu r ren t  

Since Q2 i s  cut off, i t s  col lector  i s  

This  mode of operation i s  therefore  s table .  Q3 i s  cut 

The input voltages a t  pins 3 and 5 m u s t  be  somewhat negative during 

The flip-flop may be  t r iggered to the "1" s ta te  t;y ra i s ing  the voltage 

Note that theinput pulse  i v i l l  be loadrd sompwhnt, 3 n  it  r n p r i n t  he  mono- 6 

With the base  of Q1 posi t ive,  Q1 is now r e v e r s e  biased 

With Q1 cut off, R7 and R6 a r e  no longer connected betmeen the +12 vol ts  

Instead, ba s e  cu r ren t  of Q,.? mny now flow 

N O ~ Y  r e s i s t o r s  R1 and R 2  a r e  con- 

A s  Q2L i s  saturated and i t s  

R 5  

A s  Q3 sa tu ra t e s ,  pin 8 ( the output p in )  goes negative to ap -  

R8 i s  the collector load r e s i s to r  of Q3, to furnish a niinimurn 

A s  Q3 goes f r o m  saturat ion t o  cut off ,  

H-owever, the inductance of the relay coil ; t t tempts  to  
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maintain the cu r ren t  through it by driving the voltnge a t  pin 8 much m o r e  posit ive than 0 

volts.  

emi t t e r  voltage. 

it  does  not en ter  into the operat ion of the c i rcu i t .  

is driven posit lve by the re lay  inductance,  CR3 is forward  biased and conducts, providing 

a path fo r  the c u r r e n t  through the relay coil and eliminating the excessive t rans ien t  voltage 

to appear  on the collector of Q3. 

If th l s  were  allowed to happen, Q2 could be damaged by the excessive col lector-  

During most  phases  of the cycle,  CR3 i s  r e v e r s e  biased;  consequently, 

When the re lay  is de-energized and pin 8 
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T N  154 

WITH EMITTER FOLLOWER OUTPUT 
SHIFT REGISTER FLIP-FLOP 

The TN154 is a bi-stable flip-flop normally used in  a shift r eg i s t e r  which h a s  an  
in te rna l  shift network and an emi t t e r  follower as an output. 
used as the shif t  r eg i s t e r  s e r i a l  output; that  is ,  pin 7 of one TN154 is d i rec t ly  coupled to  
pin 3 of the next TN154. The emi t t e r  follower output, pin 8, is used to read  out data in  
pa ra l l e l  f rom the shift r eg i s t e r s .  A t rans is tor ized  neon light is normally connected, in  
pa ra l l e l  with the load, to pin 8, to indicate the s t a t e s  of the flip-flops. The l ight is lit 
when the network is in the 11111 s t a t e ,  and off when the network is in the 11011 state .  

The in te rna l  shift network is 

The "0" state  is defined as the condition when Q1 is sa tura ted  and Q2 and Q3 a r e  
cut  off. 
ra ted  (11011 s ta te ) ;  then the col lector  voltage of Q1 will be approximately 0 volts,  and the 
r e s i s t o r  divider of R4 and R6 will maintain t 2  volts on the base  of Q2. 
tute  a r e v e r s e  bias on Q2, keeping i t  cut off. With Q2 cut off, r e s i s t o r s  R1 and R5 wi l l  
provide a path f o r  Q l  base cu r ren t ,  clamping Q1 in saturation. Since Q2 is cut off, i t s  
col lector  will be a t  approximately -13 vol ts ;  therefore  the base  of Q3 will be at -13 volts. . 

This  will  keep Q3 near  cut off, and the data  output, (pin 8), will be a t  -13 volts.  This  
condition is s table  and wi l l  not be changed until a positive pulse  above 0 vol ts  on pin 3 
c a u s e s  CR1 to conduct. When CR1 conducts, the base of Q1 is  dr iven posit ive above 0 
vol ts ,  r e v e r s e  biasing Q l ,  and subsequently cutting H off. As Q1 is  cut off, i t s  col lector  
will  go negative; due to the r e s i s t o r  divider, R4 and R6, the base  of Q2 will a l so  go 
negative. As Q2 sa tu ra t e s ,  
i t s  col lector  will go posit ive and, due to the r e s i s t o r  d iv iders  R1 and R2, the base  of Q1 
will be clamped at approximately t 2  v u l t s .  
passed .  
will sa tura te .  
now in  the "1" s ta te  and wi l l  r ema in  there until r e s e t  by a posit ive pulse  above 0 vol ts  on 
pin 6. When this  does occur ,  the network will go to the "0" s ta te  a s  descr ibed  previously 
and pin 8 wi l l  go to -13 volts. 

The "1" state  i s  the conditionin which the r e v e r s e  is t rue.  Assume Q l  is satu-  

This  will const i -  

0 
As the base of Q2 goes negative, Q2 will go into saturat ion.  

This  keeps Q1 cut  off a f te r  the input pulse  h a s  
Also at this  t ime the base  of Q3 wi l l  go posit ive,  l ike the col lector  of Q2, and Q3 

Therefore  the emi t t e r  of Q3 and pin 8 wi l l  go to 0 volts.  The network is 

When Q2 is conducting, (a pulse has  occurred  on pin 3), capaci tor  C1 charges  through 
CR2 and R8. 
to keep  the charge on C1 f r o m  leaking off rapidly through R5. When shifting information 
through the r eg i s t e r ,  the shift input, (pin 5) goes f rom -10 vol ts  to approximately 0 vol ts  
f o r  5 microseconds.  
-14 vol ts  to -4  vol ts  and back to -14 volts. 
move f r o m  - 2  volts to t 8  vol ts  and back to -2  volts. 
is connected to pin 3 of the next TN154. 
no effect  on the next flip-flop unless  i t  goes  above 0 volts.  
(Q2 sa tura ted)  is p re sen t  in the f i r s t  network. 
r e s e t  a l l  the TN1s  to a 11011 s ta te  before the shift pulse,  s ince t ransmit t ing a "1" o r  "0" to  
the next  s tage does not automatically remove a 111" f r o m  the preceding stage.  In shifting, 
the 5 microsecond r e s e t  pulse  f irst  t r iggers  all the T N ' s  to the "0" s ta te ,  and then the 5 
microsecond sh i f t  pulse  advances the "1" that h a s  been temporar i ly  s tored  in  the capaci tor .  
Capac i tor  C1 s t a r t s  to d ischarge  when the r e s e t  pulse  cuts  off Q2, but the RC t ime constant  

CR2 is used to prevent  the shift pulse f r o m  back t r iggering the flip-flop and 

If the TN is  i n  the "0" s ta te ,  the junction of C1 and CR4 will go f r o m  
If the TN is  in  the "1" s ta te ,  this  junction will  

The pulse  at the junction of C1 and CR4 wi l l  have 
In a shift r eg i s t e r ,  pin 7 of one TN154 

This  wi l l  occur  only if a "1" 
The r e s e t  pulse  is necessa ry  in o r d e r  to 
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of C2 and R9 is long enough so that i t  wi l l  not discharge significantly before the shift pulse  
occurs .  
(11111 s ta te )  before  reset ,  the shift pulse wi l l  cause the junction to r i s e  f rom - 2  volts  to  t8 
volts. 
l11I1. 
to -4  volts when the shift pulse  occurs ,  and CR6 wi l l  not conduct, because it is r e v e r s e  
biased. 
shifted. 

CR2 will be charged 10 volts by the shift pulse.  If the junction w a s  at - 2  volts  

CR6 will conduct, causing pin 5 of the next network to go posit ive,  thus inser t ing a 
If the junction w a s  at -14 volts ( I1O1l  state)  before r e s e t ,  then this  junction will r i s e  

Therefore  the next network wi l l  remain  in the "Otl  s ta te ,  and a l t O 1 t  has  been 

Q3 is a n  emit ter  follower to isolate  the flip-flop so that  a lower impedence load can  
be dr iven f r o m  the paral le l  output of a shift reg is te r .  
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TN 158 
CONTRQLLED ONE-SHOT 

The T N -  158 is a controlled one-shot (mono-stable mult ivibrator)  with an emi t t e r  
follower output, 
t ime by an  input pulse on pin 5. 
the emi t t e r  follower output. 

It is controlled,  because the unstable s ta te  may be te rmina ted  at any 
This  network can dr ive  low impedance loads  because of 

The network 's  quiescent  s ta te  i s  with Q1 saturated,  and with 4 2  cut  off. The base  of 
Q1 is forward  biased by R3, which is connected to -20  vol ts ,  sa turat ing Q1. 
sa tura ted ,  the base of Q2 is reverse-biased by voltage divider R6 and R7 between t 1 2  
volts and the col lector  of Q1 (0 volts). With Q1 sa tura ted ,  i t s  col lector  is a t  approximately 
0 vol ts ;  therefore ,  the base of 4 3  is at the s a m e  voltage, forward biasing Q3 and keeping 
it saturated.  Therefore ,  pin 7 wi l l  be at approximately 0 volts. The r e s i s t o r  divider of 
R1 and R 2  wil l  maintain a reverse .  bias on diode CRl  of approximately 2 volts.  

Since Q1 is 

Now, when a posit ive pulse of sufficient amplitude is  applied to pin 3 to cause  con- 
duction of CR1, t r ans i s to r  Q1 will be cut off. 
negative toward -20 volts. 
through C3 and R7. 
emi t te r .  Q 2  wil l  conduct, and s t a r t s  to sa tura te  rapidly. 
posit ive ( f rom - 2 0  volts to 0 vol ts) ,  and th i s  voltage change, coupled through C2 to the base  
of Q1, will keep Q1 cut off a f te r  the input pulse  has  passed.  When Q1 is cut off, Q3 will 
a l so  be cut off, and pin 7 will go to -20  volts.  
d i scharge  through R3. 
turn to i t s  quiescent  negative potential, Q l  will saturate .  
will go posit ive,  and, due to the res i s tor  divider R6 and R7, the base of Q2 wi l l  go posit ive.  
This  r e v e r s e  biases  Q2, cutting i t  off. 
tive with respec t  to t h e  emi t t e r :  and this wi l l  cause Q3 to go into saturation. Pin 7,  the 
output of the emi t t e r  follower,  w i l l  return to 0 volts. The one-shot has  now returned to 
i t s  quiescent  condition, 

The col lector  of Q1 wi l l  therefore  go 
This negative going potential  i s  coupled to the base of Q2 

This  will cause  the base  of Q2 to go negative with respec t  to the 
The col lector  of Q2 wi l l  now go. 

C 2  has  now been charged,  and wi l l  s t a r t  to  
When C2 h a s  discharged sufficiently to allow the base of Q1 to  r e -  

As Q1 sa tu ra t e s ,  its col lector  
0 

When Q1 i s  sa tura ted ,  the base  of Q3 wi l l  be posi-  

The  t ime constant fo r  R3 and C2 determines  the pulse  width, o r  the t ime duration of 
the unstable s ta te ,  which is about 3 microseconds.  By adding external  capacity a c r o s s  
pins  6 and 8, the RC t ime constant is increased,  and thus the pulse  width i s  increased ,  
P in  5 i s  an auxi l iary input, and i s  used to shorten the existing t ime durat ion of the un- 
s table  s ta te .  That  is, a posit ive pulse on pin 5 wi l l  cause Q2 to be cut off before the 
normal  RC t ime of the circui t .  

Assuming that  the network is i n  the unstable s ta te :  Q1 is cut off and Q2 is saturated,  
while C2 is s ta r t ing  to discharge.  Aposi t ive pulse,  above 0 volts occu r s  on pin 5, causing 
CRZ to  conduct. The base  of Q 2  wil l  be r eve r se -b ia sed ,  therefore  Q2 will be cut off. 
Q2 is cut  off, i t s  collector wi l l  g o  negative toward -20  volts.  This  negative going potential  
is coupled to the base  of Q1 through C2. 
will s t a r t  to saturate .  Q2 will  be held cut off by the same divider as explained previously.  
By cutting off Q2 f r o m  a pulse  on pin 5, we have caused C2 to d i scharge  rapidly; therefore ,  
the one-shot i s  re turned to i t s  stable o r  quiescent  s ta te  immediately.  

As 

This  will cause  Q l  to be forward-biased,  and i t  

Although the descr ipt ion of operation has  been based on voltages of t12 volts and -20 
vol ts ,  this  network will opera te  equally as well on voltages of t1Ov and -15v. 
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A component commonly used in digital data handling equipment is a magnetic core .  The 
t e r m  magnet ic  c o r e  is usually applied to a small to r ro id  compoeed of magnetic ma te r i a l  

which h a s  high permeabi l i ty  and also high retention. This  material will have what ie  cal led 

a squa re  hye te ree i s  loop, shown in Point A, Figure  MN-1. Because  of this  squa re  hye tere-  

sis loop, t h e r e  are two s tab le  energy  etatee, which make  the c o r e s  adaptable to  digital  c i r -  

cuits. 

and o the r  logic  c i r c u i t s ,  in addition to their  hse a e  blocking osc i l l a to r  t r ans fo rmers .  

Magnetic c o r e s  are commonly used for shift r e g i s t e r s ,  "and" ga tes ,  l l o r l l  gatee,  

2. THEORY O F  OPERATION 

2-1. GENERAL 

a. The act ion of a magnetic c o r e  can bes t  he desc r ibed  by r e f e r r i n g  to the drawing of the 

h y s t e r e e i s  loop ( F i g u r e  MN-1). 

winding of a c o r e  is m e a s u r e d  along the X axie.  

l i n e s  p e r  equare  cent imeter ,  is being measu red  along the Y axie.  Once a c o r e  h a s  been 

magnet ized and had  this magnetieation r e v e r s e d  s e v e r a l  times, the relat ionship between 

flux densi ty  and magnetomotive fo rce  ie  desc r ibed  by the hye te ree i s  loop in F igu re  MN-1.. 

The magnetomotive fo rce ,  o r  ampere - tu rne ,  applied to the 

Magnetic flux densi ty  (gausses ) ,  o r  flux 

b. With no c u r r e n t  going through any of the  c o r e  windings, the flux density will be e i the r  

at point D o r  at point H, depending upon the d i rec t ion  in  which the  c o r e  ha6 m o s t  recent ly  

been sa tura ted .  If the c o r e  is assumed to b e  at point D on the  hye te ros i s  loop and a m p e r e -  

t u r n s  a r e  applied in  the negative direct ion,  the re la t ionship  between the flux density and the 

magnetomotive f o r c e  will follow the line DE. 

negat ive d i rec t ion ,  the c o r e  will go  on to condition F, at which point sa tura t ion  h a s  occur red  

If additional a m p e r e - t u r n e  a r e  applied in the 

and addi t ional  a m p e r e - t u r n s  of magnetqmotive f o r c e  will result in only a minor  i n c r e a s e  in 

flux level to  point G. 

c. Lf the c u r r e n t  through the windings ie now removed,  the c o r e  will r e t u r n  to point H on 

Even though there a r e  no ampere - tu rns ,  t h e r e  is et i l l  a flux deneity they hys te ree i e  loop, 

propor t iona l  to OH in the core .  The cha rac t e r i s t i c s  of the  core m a t e r i a l  a r e  such that this 
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F i g u r e  MN-1. Square Hys te re s i s  Loop 

flux density will remain  indefini te ly  as though i t  w e r e  a pe rmanen t  magnetic.  

tion of c u r r e n t  in  the  winding is  r eve reed ,  posit ive a m p e r e - t u r n s  are applied. 

move the condition of the c o r e  f r o m  H to A and on to  B, a t  which point the c o r e  is now satu-  

r a t ed  in  the posi t ive direction and additional a m p e r e - t u r n s  of magnetomotive fo rce  will 

c a u s e  v e r y  l i t t l e  change in flux densi ty  to point C. 

the  c o r e  will now go from G t~ D, where  it will r e m a i n  indefinitely until dr iven  again. 

If the d i r e c -  

This  will  

When the  c u r r e n t  in the coi l  is r emoved ,  

d. The net  change in flux, when going f r o m  a negat ive quiescent  s t a t e  t o  plus  sa tura t ion ,  

is proport ional  t o  HJ. It should be noted that  other  windings on the magnet ic  core .wil1 eense  

this change i n  flux and wi l l  gene ra t e  a voltage proport ional  to the  number  of t u rns  and the 

r a t e  of change of flux. F i g u r e  MN-2 shows a s imple  magne t i c  c o r e  with t h r e e  windings on 

it. 

ly goes f r o m  D to B. 

th i s  t ime (proport ional  to DJ) is v e r y  e m d l  when c o m p a r e d  to  HJ. 

genera ted  in  coi l  No. 2 will  be v e r y  a m a l l  a t  thie  t h e .  

If poei t ive 'ampero-turns  a r e  then applied to  winding No. 1, the  c o r e  condition e f fec t ive-  

Since the h y s t e r e s i e  loop is v e r y  equare ,  the change in  flux during 

A8 a r e s u l t ,  the voltage 

e. If negat ive a m p e r e - t u r n s  a r e  again applied so that  the c o r e  goes f r o m  D to E to F, the 
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Figure  MN-2. Simple Magnetic C o r e  

change in f lux  will be proportional to  DL. 

be equal  in magnitude, but opposite in polar i ty ,  to the voltage generated in that  winding 

when the c o r e  went f r o m  H to B. 

different  pu rposes  i n  logic  c i rcu i t s .  

the  "0" s t a t e  and the "1" s t a t e  respectively.  

The voltage generated in winding No. 2 will  now 

These pulses  can  be separa ted  with diodes and used f o r  

The two s tab le  s t a t e s ,  D and", a r e  r e f e r r e d  to as 

2-2. M N l l  MAGNETIC CORE 

a. A Milgo M N l l  magnet ic  c o r e  has  four windings and assoc ia ted  components  designed 

specif ical ly  for  sh i f t  r e g i s t e r  application (F igu re  MN-3). P i n  7 is connected to a -25v sup- 

ply. The c o r e  d r i v e  pulse ,  applied to pin 1, t r a v e l s  f r o m  -25v to approximately z e r o  vol ts  

and r e t u r n ,  with a rise t ime no g rea t e r  than 5 mic roseconds  and a fall t ime no g r e a t e r  than 

10 microseconds .  

u r e d  points,  but is normally approximately 40 microseconds  wide. 

The pulse  width must  be at l e a s t  10 mic roseconds  at 50 pe rcen t  of meae- 

b. Th i s  posi t ive going pulse  applied to pin 1 r e s u l t s  in  a m p e r e - t u r n s  driving the  c o r e  be- 

When the c o r e  dr ive  pulse  has passed ,  

The  voltage a t  pin 8 is normal ly  

It can 

yond posi t ive sa tura t ion  (Poin t  C in Figure MN-l ) .  

the  c o r e  is l e f t  in  s t a t e  D, which is defined as t'Ott state .  

maintained at -2% but is r a i s e d  to approximately -16v to i n s e r t  a"1" into the core .  

be seen  that  the c u r r e n t  in  the input winding, as a r e s u l t  of a posit ive going p d 8 8  applied to  

pin 8 ,  will magne t i ze  the  c o r e  in a n  opposite d i rec t ion  to that  of tho d r ive  pulse.  The state 

of the c o r e  will  go f r o m  D to G on the hys t e re s i s  loop ( F i g u r e  MN-l ) ,  a d  when the input 

p d e e  is passed, the  c o r e  r e m a i n s  at H, which is defined as a "1" state .  

C. When the next  d r ive  pulse  occur s ,  the flux will  t r ave l  f r o m  point H to Point  C, and 
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t r m e f o r m o r  nction of tho c o r 0  atid W i t l t l l l l l { H  w i l l  routrlt in A poeltivu p d ~ o  baing genera ted  

at tho dot cnd of all four  windings. TI1113 pomitive P ~ R O  will be approximately 9v in magni- 

tude with a r i e o  t imo of npproximntcly 6 mlcroeoconde.  

tive sa tura t ion  to poeitivo maturation, thorc  will  be no m o r e  flux change even though the 

drivo puleo i n  R t i l l  prcecnt ,  and no additional voltage is genera ted  in the windinge. 

ewitching t i m o ,  which tnkee place in npproximately 6 microsecondn,  dotcrminan the width 

of tho p r t l ~ ~  gotierated by the winding@. 

Once tho core hae  gone from nega- 

Thie 

d. ?'hc ?v piilmc* I:encratc:cl i n  the advance winding c a u s e s  diode CR3 to conduct,  and will 

c h a r g e  cxpaci tor  C3 to approximately -16v. 

t ion,  the voltage! a t  pin 6 will r e v c r t  to -25v. 

f r o m  discharg ing  through the advance winding, so the  c h a r g e  is held on C3 until i t  d i scharge8  

through an r x t r r n a l  load. 

Af te r  the core hae nwitchcd to poeitive e a t u r a -  

Diode CR3, however ,  p rcvcnts  capac i tor  C 3  

e. Ih i r i i i g  a c o r e  d r i v e  p u l s e ,  the voltage at pin 2 jumps  f r o m  -25v to approximately z e r o  

With pin 2 a t  approximately vol ts  h c a r i s e  o f  the 1R drop i n  R1 caused  by the shift  c u r r e n t .  

z e r o  v o l t s ,  rliorlc CRZ will h e  r e v e r s e  biased and  no c u r r e n t  can flow f r o m  pin 8 through CR2 

and the input winding. 

can now dischargc  t h r o u g h  CR2 and the input windings of the  next c o r e ,  dr iving i t  to the  "1" 

s t a t c .  

o u t  that  a " 1 "  can also be i n s e r t e d  through pin 3, o r  by applying a ptdse to  pin 5 ,  which be- 

c o m e s  approximate ly  Rv positive with r e s p e c t  to pin 4. If t h e r e  is  no "1" i n s c r t e d  hctwcen 

c o r e  d r i v e  p u l s e s ,  thc next c o r e  d r i v e  pulse  will d r i v e  the c o r e  f r o m  point D to  point C on 

the h y s t e r e s i s  loop ,  resul t ing in a v e r y  small change in flux density.  This  will r e s u l t  in  a 

v e r y  s m a l l  vol tage being generated in the windings (approximate ly  0. 5v),  giving a signal-to- 

no ise  r a t i o  of approximately 18 to 1. 

After the c o r e  d r i v e  pulse  h a s  p a s s e d ,  the -16v c h a r g e  on o n e  CR3 

A " 1 "  can h c  inser tcd by r a i s i n g  pin 8 to -21v, o r  m o r e  posit ive.  It should be pointed 

f. It should be notcd that energy  t r a n s f e r r e d  to a load  while shifting out a " 1 "  comcs  f r o m  

the  c o r e  d r i v c r  and n o t  f rom the c o r e .  

t r a n s f e r r e d  to the  output winding while the c o r e  is  act ing as  a t r a n s f o r m e r .  

o p e r a t e s  cqually well  on a power supply vol tage of -2Ov ins tead  of -25v as  descr ibed .  

The  energy  in the c o r e  m e r c l y  al lows enorgy to he 

The M t l g o  M N l l  

2 - 3 .  SHIFT REGISTERS 

a. When connected to form a shif t  r e g i s t e r ,  M N l l  c o r e s  a re  connected as shown in F i g u r e  

MN-3. 

into that c o r e .  

ou61y, Rincc! they a re  connected in para l le l .  

If a pos i t ive  going pulse  is appl ied to  pin 8 of the f i r s t ' c o r e ,  a "1" will be i n s e r t e d  

During the next c o r e  d r i v e  p u l s e ,  all of the c o r e s  will be  pulsed s imul tane-  

T h e  r e s u l t a n t  9v pnlse  f r o m  the advance winding 



of the f i r e t  C O ~ U  wil l  clit~rg!o lhu ciipacllor in tho f i r s t  c o r 0  to approxirnataly - 1 6 ~ .  When 

the  f i r s t  c o r e  h n s  switchod f rom niinutl naturation to  plus sa tura t ion ,  t he re  wi l l  no longer  

be any voltage gonorntod in tho  advarico winding. 

capac i tor  f r o m  diecharginK lhrough tho advance winding, howevar,  and  CR2 in the secund 

c o r e  prevcnts  thiw cnpctcitor frorri dlschnrgiria through the input wlnding of tho Recand 'core. 

CR2 i s  r c v c r e c  b l n ~ r d  bccnune of the! IR d r o p  in the ros i e to r  of the eecond cor0  caueed by 

tho shif t  cu r rcn t .  

C113 of the firat c o r 0  wil l  provent  the 

g.  Wticm the ohift piilse tias paSsed,  the pin 2 voltage of the second core, w i l l  go hack to  

- 2 5 ~  and the capaci tor  in  the f i r s t  co re  m a y  now d i scha rge  through the i n p i t  winding of the  

Bccorrd co re .  

c o r c  from point D to point G on tho fiaturation c u r v e ,  so that  when C3 is cornpletcly d i s -  

charged, the svcond c o r e  wi l l  be in a "1tf s ta te .  While th i s  second c o r e  was being switched 

f r o m  pliis sa tura t ion  to ininus saturat ion,  flux l inkages were  changing in all of the windings 

of this  core,  with the r e su l t  that a voltage was genera ted  in  all of t hese  co i l s  with the dot  end 

of tho winding negative. Diode CR1 will p revent  any c u r r e n t  flow in the d r i v e  winding as a 

r e s u l t  of the genera ted  voltage,  a n d  the diode CR3 will p revent  any c u r r e n t  flow i n  the ad-  

vance winding as a r e s u l t  of this  generated voltage. 

T h e  retitiltant c u r r e n t  through the input winding i s  suff ic icnt  to d r ive  the second 

h. During the next c o r e  d r ive  pulse,  c o r e  2 is  switched f r o m  minus  sa tura t ion  to plus  

ea tura t ion ,  resu l t ing  in  the output capaci tor  of the second c o r e  being charged .  After the  

second c o r e  d r i v e  pu l se ,  the d ischarge  c u r r e n t  f r o m  th is  capac i tor  will i n s e r t  a "1" into 

the  th i rd  c o r e  and so on to the l a s t  one. 

Out, the auxi l ia ry  winding m a y  be used to  gene ra t e  e i ther  a posi t ive going o r  negat ive going 

9v  pulse.  

eix microseconds  and a fall t i m e  of approximately one half microsecond.  

auxi l ia ry  winding can  be  used  to i n se r t  t*l 'stl into the c o r e  by applying a sui table  pos i t ive  

pulse to pin 5 o r  a su i tab le  negat ive pulse t o  pin 4. P i n s  2 ,  3 ,  and 6 a r e  brought out for 

Since both ends of the  auxi l ia ry  winding a r e  brought  

Th i s  auxi l ia ry  pu l se  will be approximate ly  9v in  magnitude,  with a r i s e  t ime  of  

In addition, the 

additional f lexibil i ty in adapting the M N l l  c o r e  to logic  c i r cu i t s .  

2-4. BLOCKING OSCILLATORS 

a. The u s e  of t r a n s f o r m e r s  fo r  blocking o s c i l l a t o r s  is common and widely understood. It 

ie  SO poss ib le  to u s e  a s q u a r e  loop magnetic c o r e  as a blocking osc i l la tor  t r a n s f o r m e r  

with 6ome d e s i r a b l e  r e s u l t s  i n  control of pu lse  width. 

of e i the r  a n  MNlZ o r  a n  MN13 a6 u s e d  in  a blocking osc i l l a to r .  

F i g u r e  MN-4 shows the connect ions 
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F i g u r e  MN-4. Blocking Osc i l la tor  (MN12 o r  MN13) 

b. T h e  9-1 winding is the co l lec tor  winding and could be c o m p a r e d  to  the  p r i m a r y  winding 

01 a t r a n s f o r m e r .  

s econda ry  winding of a t r ans fo rmer .  

t e r p a r t  in a conventional t r a n s f o r m e r .  

through the  r e s e t  winding wi l l  d r i v e  the  c o r e  into negat ive sa tura t ion .  

n o r m a l l y  be cu t  off, but when t r i g g e r e d  by a negat ive pu l se  at the input ,  wi l l  go into con- 

duction. 

flux m o v e s  f r o m  H toward A and B. 

f eedback  winding and  a voltage is genera ted ,  making  pin 3 negative.  

vol tage is appl ied to  the  base of the  t r a n s i s t o r  and d r i v e s  the  t r a n s i s t o r  into heav ie r  con- 

duction. 

The  2-3 winding is the feedback winding and could be compared  to  the 

The 4-5 winding is the  r e s e t  winding and h a s  no c o r n -  

The r e s e t  winding is so connected that  the c u r r e n t  

The  t r a n s i s t o r  wil l  

The  r e su l t i ng  col lector  c u r r e n t  appl ies  posi t ive a m p e r e - t u r n s  to  the c o r e  and the 

The  resu l t ing  f lux  change  i n  the  core is s e n s e d  by the  

T h i s  negat ive going 

c -  AS t he  t r a n s i a t o r  conducts m o r e  heavi ly ,  t he  r a t e  of change  of f lux i n c r e a s e s ,  resu l t ing  

in  an even m o r e  negat ive voltage being appl ied to  the  b a s e  of the  t r a n s i s t o r .  

v e r y  quickly s a t u r a t e s  the t r a n s i s t o r  (approximate ly  one micr ,osecond) ,  but  the co l lec tor  

c u r r e n t  is l imi t ed  by r e s i s t o r  RZ and  the vol tage g e n e r a t e d  i n  the  co l l ec to r  winding of the  

core .  

Th i s  feedback 

AB long as t h e  c o r e  ie still i n  the p r o c e s s  of switching f r o m  m i n u s  sa tu ra t ion  to plus  
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maturation, the c o r e  nnd i ta windings act aa a t r ane fo rmar  and the feedback winding conti- 

nuee to dr ive  the t rane ia tor  into entaration, When the c o r e  h a s  finally reached  saturat ion 

(B on hyatereeia  cu rve ,  F igu re  MN-l) ,  additional ampere- turn8  f r o m  tho col lector  winding 

will no longer  reeul t  in a change of flux and no additional voltage will be genoratod in the 

feedback winding. Thie removoe the dr ive to the t r ane ie to r ,  which immediatoly cute off, 

removing the ampore- turne  f r o m  the colloctor winding. 

d. Cur ren t  through r ea i e to r  R3 and the reset winding now a t a r t e  to  apply ampere- turn8  in 

Thie reeul te  in a re- the  negative d i rec t ion  again and drivee the  c o r e  f rom poaition D to F. 
v e r e d  of flux in the c o r e ,  which revereee the  voltage generated in the feedback winding. 

P in  3 now becornea elightly posi t ive,  insuring a rap id  cutoff of the  t rane is tor .  Since the 

durat ion of the output pulee depends on the t ime  i t  t akes  to  awitch the magnetic c o r e ,  the 

pulee width depends on the c o r e  used and i e  re lat ively independent of the load on the block- 

ing oaci l la tor .  

e, Two blocking oeci l la tor  c o r e s  a r e  ueed in Milgo equipment: a n  MN12 and a n  "13. 

The MN12 will cauee  a pulse  approximately 10 microseconde wide to be generated by the 

blocking oec i l la tor ,  while the MN13 w i l l  c a u s a  a pulee approximately 40 microeeconde wide 

to be generated.  

imate ly  80 microeeconde to r e e e t  an MN13 core.  

I t  t akes  approximately 30 microseconde  to reset a n  MN12 c o r e  and approx- 
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